MOKAAAH 


ARATEMHW HAYR CCCP 


BbIXOTAT TPH PA38A B MECALI 


VenakguOHHaA KONNeruA: akan. JI. A. ApnumMosuy, akay. A. I. Berexran, akaji 
C, A. Bekuomucxnii, akay. B. A. Kasancnuii, axag. A. H. Koamoropos (3am 
rmaBaoro peyakTopa), aka. A. JI. Kypcanos, aay. C. A. Jle6eqen, akan. 
A. MW. Onapun (rnapen pezaxrop), akag. E. H. Tapaoncrnii, akay. JI. W. Cenor, 
aka. H. M. Crpaxos, axag. A. H. @pymrun (3am. raaBnoro pedaKTopa) 


roy, W3,AHWA 


1958 


TOM 122, NM 2 


GrOZeENP JK AVE Vink 


MATEMATHKA Cmp, 
A. B. Buuagase. Hexoppextuocts 3anaun J[upuxe Quin ypaBHeHUit CMeuwaHHoro 
THMa B CMeUIaHHbIX OONaCTAX . . Me | GT 
fy Uao-xao. O HekoToppix THNax OLHOPONHBIX PUMAHOBBIX mpoerpaxers ee. Ue aire 
WU. WH. Januarox. Mccmenopanne ofHou 3aqauu Cc KOCOH NpOH3BOLHOH Mp NOMOMLA 
CHCTCEMbI ypaBHeHHlt GpeyrombMa. . . 175 
A. ¥O. Jlyuxa. JJoctarounoe yculoBne CXOMMMOCTH MeToLa ocpeuHeHua by HKILHO- 
HAJIbHbIX MOMpaBOK .. . . Wi 
B. A. Manesuu. Kommleke 1psiMprx wiectoti crenenn, nNoporxk Laembili TerpaszpasbuBIM 
KOMIJI€EKCOM . er 183 
A. B. Moropesos.O peryiapnocru BBIMYKJIBIX nlopepxHocteii c peryinpuoli Me: tpuKoli 
B MpOCTPaHCTBaxX MOCTOAHHOHM KPHBH3HBI. . 186 
A. H. Tuxonos um A. A. Camapcxuii. O ripeicraBsien ult AUHeliHDIX iby HKIMOHAasIOB 
BR REMAGCO GOR NAMNIOS GOAN 5 5 g oo bp 6 5 0 4 5 8 oe oo ee 188 


FHAPOMEXAHHKA 


H. H. Kounna uw H. C. Meapuukosa. O HeycTaHOBHBIIeCMCA ABIXKeHHH 1a3a, BbITeC- 
HACMOrO MOPWIHeEM, C YYCTOM MPOTHBOAaBICHHA . . . . . . we ew ee 19. 


TIE OHENECE oS IEBOSTAONGIETGL 


M. Vi. Boposuu. TlorpemHocth MpAMbIX MCTOJOB B HeEAMHEHHO! TecopHn OOoNoUeK 196 


PHSHKA 


9. E. Batnwtetn, M. H. Bpuap, nu HW. B. Craps. Toukas cTpykTypa peHTreHOBCKHX 
K-cnekKTpoB MOrJouleHHA THTaHa B THTaHaTax . ; cinta a ehh ons & ie 201 

C. B. Bouncosckunii uM. C. Caupexus. K sompocy 06 ofcyTcTBHH CBepxXMpOBORUMOCTH 
B (beppoMarneTHKax 

B. A. Tymansn, B. A. )Kapkos a Te C. Croasposa. Yuer nices AOTPoIINDIX nponec 
COR Hp OWeHKe CCUeHHA HeTOCcpeACTBEHHOrO OOpPasopaHHsA 9/I@KTPOHHO-103 H- 


TPOUHbIX Tap S3/IeKTpOHaMi 


204 


208 


TEO@H3HKA Cmp. 
r. B. PozenGepr. Caerosol pexuM B rayOnHe paccenBalollel Cpebl H CNeKTpOcko- 


iivd AHCHlepraposaHHEX BemeCTB .f2| . wes BB diel. 6 o> 2 > « 2dd 
BHO®H3HKA 
®. B. IWanupo u H. H. Wanupo. U3menenve 4HCJIeCHHOrO COOTHOIWCHHA NOOB y 
MBIUei =KaK BO3MOXKHDIt pesyibTaT y-oOyyeHHA SMOpMoHoB ....... 215 


TEXHHYECKAH ®H3HKA 


M. B. Maxoroun, B. E. Manun, B. ®. Cyxosapos, JI. Ml. AGpameu, A. 1. Kopotaes 
u H. A. HlepGaKora. O pou BHeUIHero HallpaxKeHHA B PasyMpOuHeHHH MIpu 
miacTuyeckoH WepopMaluH . . . 219 
MW. A. Onuur uo 8. H. Temuuos. Hosas 3aKOHOMep HOCTh quiuTenbuoli mpowHocrH Pe 


XHMHA 


A. A. Banangun, E. HW. Kapneicxas w A. A. Tonctonsatosa. MccaeqopaHne KaTauTH- 
yecKOH ervporeHu3aluu yrsepoqoposos WH CNMpTOB Ha MeTasIMYeCKUM 


peHHem . 227 
M. I. ounx6epr nA. H. Kuraiiroponckuit. K Bompocy. oO BAMSAHUH apnenus a 

CKOPpOCTbh MpoOcTfaHCTBeHHO 3aTPYMHEHHbIX peakWuH . . . 231 
H. H. [puwko um EF. H. yppsanosa. Tlonpuxuoctb RS-rpynn B TREE 

THOCyAbpoHaTax (cysIbdoucybpuszax) . . . 235 
M. UW. Jiunusnuna. CTrpcenue MHOroAepHblx ILBYX32 p AILMBIX ypan- “KUCOPOMHDIX 

KOMINWI€KCOB WM HX pasMelleHHe B CTPyYKType BOMHOrO pacTBopa . . 238 
MW. H. Hasapos, JI. H. Mpanosa u B. A. Pynenko. Jleruapuposanne HeCHMMeTDHU- 

HOrO METHJIH3ONpONHssTHeHa H ero CMeCcell C TeTPaMeTHJI2THJICHOM . . 242 
H. ©. Opazos, B. H. Jouros u M. YT. Bopoxkos. Tpuc(tTpHopranocuHa) pananaTn 246 
lr. B. Pasuu a B. H. Fropos. Uccaexopanue nowumMopdu3ma N-stTH1-3,4-MHUTpo- 


HD POIAw, Se cos 2h SEN Peres serch ce Move et acme te tan aoe nc kee ee ae 
PH3HYVECKAA XHMHA 


Wu Wan-kau, A. H. MpapexqHuKkos nu C. C. Mensenes. O Mexann3Me cluuBaHHa 


NOJIMMepHbIX WeleH Mo MeHCTBHeM TaMMa-M3JIVUeHHA . . . 254 
WM. P. Kpuueecxui u HO. B. Uexanckas. Konsextusyaa uudby3un BKHLKUX pac- 

TBOpax IIpH Typ6yeHTHOM pexuMe . . 208 
HW. JI. Posentbenby u B. MM. Mepcnaniyesa. Baustnne allcop6uuu meTy4yHx HHT H- 

6uTOpOB Ha 3/IEKTPOXHMMYeCKOe NMOBeeHHe MKeseza . . 260 


H. H. Tuxomuposa, Bb. B. Jlyxun, JI. JI. Pasymosa u B. B. Boesoncknii. Vceste- 
JOBaHHe CTPOCHHA MPOLYKTOB KapOouHH3alHH yrlepokcokepxallux BelLecTB 
MeETOJOM 9SJIEKTPOHHOTO MapaMarHHTHOrTO pe3soHaHca H peHTrenorpaduei 264 


TEOXHMHA 
Yl. C. Kopxuuckui. [uiporepMaipuaa KYCJIOTHO-teOUHAaA Ludbepenunaunn 267 
BHOXHMHA 
B. B. Onneab u T. H. Cepe6penukosa. Crpyktypnpre 6eKu riaqKoli Mpiuup . . 2714 
H. M. Noasakosa nm K. C. KaGax. 06 aubOymuHe nepucbepuyeckux Hepsop . . . 275 


XHMHIECKAA TEXHOJIOrHA 
A. M. Ynxuxkos u A. M. [puupko. Tosmyuenue u crolictna fioquauoro HHOOnA ©2278 
(FEOJOPHA 


r. M. Taneesa nm H. Hi. BepOuykas. Spyntusuas runepOa3sutopasa 6Opekuua KOxuoro 


Ypana . . 281 
C. W. Muponos, B. Tr: Hyuvaso 1 C. H. BopoGpesa. Actbanpronono6neiii 6uTyM Bep- 
xoBbA p. Mapxn B SAkytun . . seek clay Ses 284 


C. B. Mockanespa. O renesuce HeKOTOPBIX runep6a3HToB “Ypana , 
C. A. Tonopeu. Bananne MHHepaslOrHyecKOroO COCTaBa MHHEepadbHbIX nip uMeceit 
Ha SJICKTPONPOBOMHOCTbh KaMeHHBIX yrvieH .......2.2.2.2.2...~. ~ «2286 


METPOlPA@HA 


Il. Ml. Bynuuxos uw A. WH. Nosuuxkosckas. Vccaenopanne BY JIKaHuyeCcKUXx NSO AED 
*KallMX CTeKO.1 HW MpOMyKTOB HX BCMYYMBaHHA ........., se te LOU 


162 


IMAJIEOHTOJIOlH A Cmp. 

B. E. Pyxenues. [pa Hosptx poxa ronvaTHToB B HYDKIeM Hamiope [OxHoro Ypata 2)3 
HHTOJOLHA 

B. T. Konapes. O pa3HokayectBeHHocTu ANep, BOSHHKAaWULAX MyTeM aMHTO3a 297 
FHCTOJOVHA 

JI. B. Bepaun. Tuctomoruyeckue u3meHeHua STIMAepMuca YeOBeKa MPH ayTo- 


IISLACT YK CAR Ci cctgl tt Eick aa pane, A etree ein 300 
lr. C. Kenuuxugse. PasBurue SnMTeMabHOll BbICTHJIKH mMieBowa joMauIHUx Kyp 304 


IKOMOPHA PACTEHHK 


JI. A. UWaspos. Hekoroppie o6uyve Mopovioro-anaToMMyecKHe YepTbl H3MeH4UHBO- 
CTH pacTeHuli MpH mMepecetenu4 B [loapHo-alpniiickul OoTranuyeckul can 308 


PH3HOJOTH A 


H. H. Mpuopos, C. B. Anipeesu 7. WH. Yepkacospa. 3HayeHne KoOamaMuHa IIs Boc- 
CTAHOBJeHHA Sy HKLM Py KH YesloBeKa Nocwe MepepsiBa Nepudep wyeckux HepBOR 312 

tO. C. Yeuyann. Hapyuienne "aHYS cocyloB cepa ueloBeKka mpu RanopApHon 
HEMOCTATOUHOCTH, . . a , Fitts foe b Rory art f pi ‘ a. ol6 


GON tes INES 


MATHEMATICS Pages 

A. V. Bitsadze. Incorrectnessof Dirichlet’s problem for the mixed we ¢ of Saentons 
in mixed regions . . 8 ne atey 
Gu Chao-khao. On some types of homogeneous Riemannian spaces sHisle 174 

1. 1. Daniliuk. The use of Fredholm’s system of equations in investigating a " pro- 
blem involving a skew derivative. . . 175 

A. Yu. Luchka. A sufficient condition for the convergence ‘of the procedure for 
averaging functional corrections . . 179 

V. A. Manevich. A 6th degree complex of straight lines generated ‘by a tetrahedral 
complex: ni 0 5 re esis eel vee 183 

A. V. Pogorelov. On the regularity of convex surfaces with a “regular metric in 
SUE VeSS Cyl Cosicials Inve o 5 5 6 4 oo 4 = 186 

A. N. Tikhonov and A. A. Samarsky. The representation of linear functionals in the 
CESS Ol GCNECOMGINUOUS MUMCNIS ~ 5 5 6 o 5 6 6 po wo en eo oe eo he 


FLUID MECHANICS 


N. N. Kochina and N. S. Melnikova. On the unsteady motion of a gas forced out 
byea piston, with allowances lorecounterpresstire’) 28 ee a ae tO 


mHEORY VOR ELASTICGIny 


I. I. Vorovich. Error of direct methods in the non-linear theory of shells . . . 196 
mPHY SICS 
E. E. Vainstein, M. N. Bril and I. B. Stary. The fine structure of the aad 
absorption K-spectra of titaniumintitanates . . 201 
S. V. Vonsovsky and M. S. Svirsky. On the absence of superconductivity in 
ferromagnetics =... Silber eseye. BAe. 207 tO. 2 204 


V. A. Tumanian, V. A. Zharkov and Gis: Stoliarova. Allowance for pseudotrident 
processes in estimating the cross-section for the direct formation of electron 
positron” pairs.«by- electrons .. 809 JOVI ura ie CU. 208 


GEOPHY SICS 


G. V. Rosenberg. Light conditions inside a Sage medium and the se 
of dispersed. substances 19. . ws . att i ee oe” Bate, my... 244 


163 


BIOPHYSICS 


F. B. Shapiro and N. I. Shapiro. Variation in the sex ratioin mice, as a ELS 
result of y-irradiation of their embryos . tock tome ee Ah 


TECHNICAL PHYSICS 


M. B. Makogon, V. E. Panin, V. F. Sr ave L. P. Abramets, A. D. Korotaev:: 


and N, A. Shcherbakova. On the rdle of external stress in soa at 
plastic deformation. ; 2 a eee ahi 
. A. Oding and V. N. Geminov. A new law of ‘creep rupture ; 


CHEMISTRY 


A. A. Balandin, E. I. Karpeiskaia and A. A. Tolstopiatova. Investigation of 
the catalytic dehydrogenation of hydrocarbons and alcohols over metallic 
ENEMA ee, LE eee ea 2). SU Pee eee tene 

M. G. Gonikberg and A. I. Kitaigorodsky. On the influence of pressure upon ‘the 
rate of sterically hindered reactions . . 

N. I. Grishko and E. N. Gurianova. The mobility of RS- -groups in organic 
thiosulphonates (sulphonosul!phi des) 

I. I. Lipilina. The constitution of polynuclear “double- charge uranium- oxygen 
complexes and their arrangement in the water solution structure . 

I. N. Nazarov, L. N. Ivanova and B. A. Rudenko. Dehydrogenation of unsymmet- 
trical methylisopropylethylene and its mixtures with tetramethylethylene 

N. F. Orlov, B. N. Dolgov and M. G. Voronkov. Tris(triorganosilyl)vanadates 


G. B. Ravich and B. N. EROUaY: A MeHg, of the pRU CRESS of N- ees 3.4-di- 


nitropyrrole 
PIGNE SHIGE, CleUEIMUSIURYZ 


In Sheng-kang, A. N. Pravednikov and S.S. Medvedev. The mechanism ol cross 
linkag of polymer chains by the gamma-radiation. ....... 

I. R. Krichevskii and J. V. Tsekhanskaia. Convective diffusion in liquid 
solutions when in turbulent state . 

I. L. Rosenfeld and V. P. Persiantseva. The influence ‘of volatile inhibitors 
on the electrochemical behaviour of iron : 

N. N. Tikhomirova, B. V. Lukin, L. L. Razumova and V. V. Voevodsky. The use 
of electron paramagnetic resonance and roentgenography in studying the 
structure of the carbonization Pua obtained from carbon- Seals 
substances ves ; 


~ GEOCHEMISTRY 
. D. S. Korzhinsky. Hydrothermal acidoalkaline differentiation . 


BIOCHEMISTRY 


V. V. Oppel and T. P. Serebrenikova. The structura! proteins of smooth muscles 
N. M. Poliakova and K. S. Kabak. On the albumin of peripheral nerves . 


Cee MICA WECEUMOLOG. 


D. M. Chizhikoviand A.°M. Grinko. Production and properties of iodide niobium 
GEOLOGY 


G, ts ee and, N. P. Verbitskaia. Eruptive hyperbasite breccia of the South 
Dass) ye 
. J. Mironov, V..G. ‘Putsillo and S. 1. Vorobievae ‘The asphalt- like bitumen of the 
upper reaches of the Markha river in Yakutia . . 
V. Moskaleva. On the genesis of certain hyperbasites of ‘the Urals 2 ‘gore. i 
. A. Toporets.. Influence of mineralogical composition of mineral impurities 
on the electrical conductivity of coals . Pye Lek tue 


ny 7) 


PETROGRA PHY 


P. P. Budnikov and A. I. Polinkovskaia. Study of volcanic water- containing 
glasses and of the products of their lowillesiovs; 5 


164 


 : Pages 


215 


HAG) 
222 


264 


267 


289 


PALEONTOLOGY 


V. e ey: Two new genera of Lower Namurian goniatites from the South 
rals 3 : 


Fei Oe et) el mabe ie sa une! Seidel Le eee de) | ieee a ef isles ere fis) ents ole 


CY TOLOGY 


V. G. Konarev. On the diversity of nuclei of amitotic origin . 


HISTOLOGY 


L. B. Berlin. Histological changes taking placein the epidermis of persons 
Supjected «Ou erallop last yee s cree aoe ee ee. 28 8, 

G. °S. Kvinikhidze. The ee aa of epithelium lining’ ‘of ‘the voesophage in 
domesticwiow lige a: sam Mendeae @s) heer 


PLANT ECOLOGY 


L. Av Shavrov. Some general Ln and anatomical features in the varia- 
tion of plants transferred to Polar-Alpine Botanical gardens on the Kola 
DETNTS UL Apmmrew er coer see Chianti cece eftny Sb cheat ny F Parla, Me nema wee eee merges 

{ ’ 4 1 


PHY SIOLOGY 


N. N. Priorov, S. V. Andreev and T. I. Cherkasova. The réle of cobalamine for 
the restoration of the function of the armin patients subjected to the dissection 
oL4perpheralenernyesy se. eee meeeer et ke See. 

Yu. S. Chechulin. Disturbance of cardiac vasotonicity in patients affected with 
COROMARYA TIS ChEIC Vzem aera niet tre get tote Un 7, Sseca bom Supa ms a cree ere 


Pages 


293 


_ 300 
304 


308 


165 


MOMPABKH 


B crarpe M. C. TopHmretta «UncnenxHoe peuienne asreOpanuecKux MM TpaHClieH- 
JeHTHEIX ypaBHeHHi», mometienHoH B J[AH, tr. 115, Ne 3, 1957 r. 


HaneyataHo CneqyeT uHTaTb 
oc co 
Crp. 434, crpoxa 8 >> guneyt ty) np (2— a 
k=0 k=0 
Crp. 435, ctpoxa 13 cnusy 3f6 (fifs + F5) 3fohi (ifs + Fe) 
Crp. 437, crpoka 27 cHu3y Ry, Rm 
Crp. 437, crpoxa 1 cHusy (1954) (1952) 


B way crarbio, nomemeHHyto B JIAH, r. 117, Ne 6, 1957 vr. (K. M. Oumiman u 
tO. H. BaanuwKunh «O npumenumoctu Teopun PpezrombMa K HEKOTOPbIM JIMHCHHBIM TO- 
HMOJOPHYeCKHM TpOCcTpaHcTBaM»), HeOOXOAUMO BHECTH CJlIeAyIOWHe HCnpaBsJIeHHA: 


Haneuatano CnexyeT uHTaTb 
Crp. 944, crpoxa 24 ® (g) = 4 ® (g)=0 
Crp. 946, crpoxa 17 (E — 2B") = 1B’ E — 2B” — iB’ 


K. M. ®uwman 
TO. H. Baauyxui 


T 08872 Ilognt.caHo k neyaTw 16/IX 1958 r. 


Tupax 5400 9x3. Saxa3 809 
®opmar Oymarn 70 1081/1. Bym. a. 5,0 


Ileu. a. 18,7+4 spkaetku. Yu.-u3yq. a. 13,5 
2-a Tunorpapua V3qatenberpa Akayemau nayk CCCP. Mocxsa, Ill y6uncknii nep., 10 


Workaayge Akagemun nayx CCCP 
1958. Tom 122, Ne 2 


MATEMATHKA 


Usaen-koppecnonyent AH CCCP A, B. BHLLA]3E 


HEKOPPEKTHOCTb 3AQA4H AHMPHXJIE JIA YPABHEHHA 
CMEWIAHHOrO THITA B CMELJAHHbIX OBJIACTAX 


B KayecTBe MOjeJIbHOrO ypaBHeHHA CMellaHHoro THNa OepeTca ypaBHeHHe 
M. A. Jlappeutbepa 


U,,. +sgny-U,, =0. (1) 


O6o3sHaunM uepes D OfHOCBASHYIO CMelaHHy!o OOulacTb, orpaHHueHHyto 
JlexalleH B epXHeH MOJynJOCKOCTH ruiaqkoH AyroH so )Kopmana c KOHIaMH 
B Toukax A(O0,0), B(1,0) wm BbIxXo_aM,HMH H3 9THX TOUeK KPHBbIMH C HerIpe- 
pbIBHOH KpHBusHOH L: y= —y(x), Li: y=—y, (x), YyAOBMeTBOpAIONLMMH 
YCJIOBHAAM 


ye 0: yr 2, BIO IX) ah Os aants) < I. (2) 


Ilyeth C[x,,—y(%,)]—Touka nepeceyenna KpuBbix L uw L,. H3 Touxu 
E(x, 0), roe *1—Y¥(%1)< Xo x1 + ¥(%), MpoBeyqeM xXapakTepHcTHKH 
EBs: y=x—xX% WU EB: y=xo—x, rye B, uv By—TouKH nepeceyeHna 
YKa3aHHbIX XapakTepHcTHK c KpHBbIMH Lu L,. O6o3HauHM uepes Le u Lz 
ayru AB, u BB, kpuspix L u L, cootTBercTBeHHo. 

Jina ypaBHenua (1) B o6nacru D 3anaua Jiupuxme HekoppeKTHa He3aBH- 
CHMO OT BeJIMYMHbI HW CopMbl rHmepOouMyecKoH uacTH oOslacTH D. 

Sro clemyeT u3 TOTO, YTO BCerga WMeeT H MPH TOM eCHHCTBeHHOe pelle- 
HHe cyleyioulad CMelaHHad 3ajjaua. 

Tpe6yetca HaliTu cbyHKwuio U (x, y) co ceqyrolulHMu cBolicTBamu: 1) U (x, y) 
ABJIACTCH PelueHHeM ypaBHeHHs (1) B oOacTH D npn y= 0, yxX—Xy, YEXy—X; 
2) oHa HempepblBHa B 3aMKHyTOH OOwlacTH D; 3) yactHble mponsBofHbIe Ux u 
U, HenpepbiBHbI B 3aMKHYTOH oOsacTH D scwyy, KpoMe, ObITb MOxeT, 
touek A, B u orpeskop EBs, EB,, BO1M3H KOTOpbIX OHM MoryT OOpallaTecs 
B OeCKOHeYHOCTh mopsyKa HwxKe 1/3; 4) Ha sMHMAx o, Lo u Ls dyHkuMA 
U (x, y) pHHuMaeT 3aaHHble 3HaueHHA 


U lo — vy, U Ir, as Ye, U Ir, == bs; (3) 


rye }, — HempeppiBHas, a . H ~; — WBaxKAbI HenpepbiBHO AMdepenuHpyemble 
(PyHKUHH. 

Bes orpaHvueHisa OOUIHOCTH MO?KHO MpefnosaratTb, Yo 

b:==0, $2 (0) = $3 (0) = do (1) = (1) = 0. 

Paym [pocTOTb! BbIUHCIeHHH MpeANOOXKNM, YTO Y = aX, yy = — Bx + 8, 

rae « wu 8 —NOCTOAHHbIe, yROBJeTBOPAIOWIMe YCJIOPHsiM pig <a Wi we nl 
ig anf a {[ X% ___—Xy = 

B 93ToM~ cwly4ae O=C(reg— eee) B, = Bs|77y> 5) B, 


shed x +B B(%—1) 
= B,|/Ps5. a | 
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Tlonyuennbiii HWKe pesymbTaT ocTaeTCA B CHJIe HM B OOWMX MpeNOOr*Ke- 
HMAX oTHOCUTembHO L u L, npw coOuofeunn yculoBult (2). 

O6Omee pemienve ypaBHenus (1), YyoBueTBOpsIOLtee YCJIOBHAM (3), B 
tpeyroupHukax AB,E u EB,B, coorBetcTBeHHo, AMeeT BHA 


Ux. =e +H) —-f RF & [ey], (4) 


|S + y) (4 +e) ae (5) 


2 


U(x, y)=e(x—y)—olue(xt+y+1—vlt+bs 


re f(t), O0<t< Xo, o(t), %» <t <1, — mpou3BoubHble [BAK [bI HEMpepbIBHO 
1—« {— 
mucdpepenuupyemble (PyHKUWH, a h = reer oh a ; 
V3 (4) u (5) umeem 
Ux (x, 0) + Uy (x, 0) = 2fx (x), OX < Xo; 


U . (x, 0) —U y (n0) =" 20, (49 Xx <T; 
Us (Oe te (0) eh Os) ee ae x) wii eescen tice meet) 


Ux (x, 0) + Uy (x, 0) = —2¢x(ux + 1 —y) + 


+ 2p,,, 20 Fe =" ty ue aed. (7) 


O6osHauum uepes F(z) = Uy (x, y) + iVo (x, y) aHammTMueckylo B 9JIMN- 
THYeCKOH uacTH OOsacTH D tbyHKWHtoO, JeHCTBUTeJIbHaA YaCTb KOTOPOM ABJIAeTCA 
pellleHHeM OJHOPpOAHOH CMelWaHHOH 3ayaun. 

Tipu jonowHuTesIbHOM TpeOOBaHHH, HaJIO*KeHHOM Ha yry 3s: 


w(s) = Im fae — 2) (X) — 2) ( =e i) dz} <0, 


rye s— fvmna fyru o (OTCUnTHIBAaeMad OT TOUKH B), eAMHCTBEHHOCTH pelileHHA 
MOCTAaBJICHHOH BbIWe 3aauu cleyyeT H3 Toro, 4TO 


jee (xd ST ine a \(s) 


0 G 


f OU, \2 


B wacrHocTH, Korfla o coBlayaer C MOJIYOKpy2KHOCTbIO oo: 22 = | + e’?, 
Imz> 0, dyukyua w(s) = —1/,. 

OoosHauuB MpaBbie yacTH B (popmysax (6) Hu (7), COOTBeTCTBeHHO, 4epes 
©, (X) HW @.(X), 9TH (OPMybI MBI MO*KeM MepemucaTh B Bue 


Re (1) F 42) ==) (4) 0 = 
Ing (1 i) FP 4) Sep yh Axper (8) 


rye F(z) =U (x, y) + iV (x, y)—ronomoppuaa B 9sauMnTHuecKoi uacTH 06- 
fact D yHkuMs, jelicTBHTeIbHat YacTb KOTOpOl sBuIAeTCH pelieHHemM 10 
CTABJICHHOH BbIIIe 3aaun. 

ByeM orpaHwunBaTbesd paccMOTpeHHeM cyIy4ant, Kora o copmasaer c noJly- 
OKPYKHOCTHIO 39, a Xp > */9. Touomoppuaa cbynkuna F (z), yqosserBopsiomasa 
YCIOBHAM (8), JelCTBUTeIbHaA YaCTb KOTOPOM paBHa HYJO Ha do, onpeyesnerca 
mo dopmyuve 
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sag anal z(i 2) @ohG—H/ 1 fey 
ied) ee) =, me WS : ra (eae 


1 
? (=x) Eo—f (1 { — 2¢ 
xo (d) dé —\ V- Tio (+ te oat}, (9) 


Xo 


rye (2X9 — 1) & = xo, a MOM KOpHEM MOHMMaeTCH OMHOSHAUHaA B paspesaHHolt 
BAOJIb CerMeHTOB [0, Xo], [1, &] MaockocTH ‘ero BeTBb, MOJOXKUTeIbHaA mph 
Vie Ky. 

Ilepexoya kK npenesny B (9) Mpa z—x uw BbIMenaa mpu 0 < x < xX») MHMMyto 
WaCTb, a MPH X%) <x < 1 — qecTBMTebHY!O YacTb, NOyYMM 


1 x0 — A m—)E—H (1 1 Aika a ar 
jx) + =| We Sd as Seer e) 


0 


; . 
4 t (1 — x) (¢ — xo) (Eo — 4) 1 1 
Oe uae \ ) Set ees G=3- =) - 


Xo 


SO) (El Nae = 0.18); (11) 


1 
1G Pasa n ar A a) n Ay, 
Bt COE Fa V £(L—) (%) — x) (& — 2) aa pea) és 


Xo 


xor(et + 1—p) di, 


(eae ee eal ea, 
(x)=) — | f/f (te vim) fe (Mt) dt, 


1 ila le 27 GSD 
ONS ae V ee ee 
0 


1 
1 | Ds rE (t= &y) So — 8) 
x(t Se (GS *1)at—\ id eee 


Xo 


al gear hepre ee) Fe Cet lath, 0< 0 <a 


ems (=x Go) ef) 
ab a Neameerial 2 oe V tae aia 


1 
‘ Gees ae Poi a t) dt —| V fag h es Os 


Xo 


{ | =F HE) bteate Neen, ; 
x (s t+ x — a) | 9) lara <1. 
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TIpoctoii 3amenofi nepemennbix ypaBuenua (10) nu (11) B o6o3HayeHuAx 
V % ur (x) = Fe (x) V1 — 2) (% — x) (& — x). 
V xhy (x) = 91 (x) V(1 = x) (% — x) & — 2), 
V1 — x te (x) = Gx (4) Vx (% — %0) (Fo — 2), 
V1 — xhe (x)= pa (x) V x(x — Xo) (Go—*) 


MOMKHO Mepenvcatb CJIeAyIOULHM O6pa3om: 


eo (A — 4) (AX — #) (Ao — 2) 4 1 = 
nla | V (1 — t) (x —4) (Ey —d) (saag + eae Ot = 


=hy(x), 0<*<%, (12) 
1 ¢ 4/@—1+m¢—lte—eeh—itinay 1 
| t+ y)¢—1 + w— vx) (ub) —t#ti--e *< 
va()— > | ) Se ee eee 


pXo--1—u 
1 
~ Te VST) bo (Ot = fe (2), X<¥< 1. (13) 


B cHuly MpHHATHIX MpeqnosoxKennl PyHKUHH py (x) H w(x) ecTecTBeHHO 
WCKaTb B poctpaHctTBe Tusb6epta (L?). 


Ilokaxem Tenlepb, 4YTO HOPMbI HWHTerpaJIbHbIX OMepaTOPOB B JIEBbIX YacTAX 
(12) u (13) mph Ox <hxy, px +1 —p<x<1 Menbue efMHUUDI. STO 


cJIELyeT H3 TOTO, UTO 4 
AX Ato 
es IVE (A= #) Ax) — 4) (AE, — 4) (_ 4 1 
Aa - V (Ne ee eee Re 
AX 
(A — T) (AX) — T) (AEy — T) 1 4 
4 \ (1 — +) (x) — t) (& —7) (+ Seer 
Ax, 


; AXo 
Ries) (A — t) (AXp — t) (AE, — 12) ui (t)dt< \ wy (t) dt. 


(1— 2) (xo — A) (Es—f) 
0 0 


AHasJOrH4HO MOXKHO TOKa3aTb CMpaBeVIMBOCTh BTOpOli YacTH Halliero 
YTBepxk eHHA. 

CreqopaTesbHO, pelleHua py (x), O< x <x, Uo (x), ux» tl—p<x«<l, 
ypaBHenni (10) wu (11) cymectByioT, MH OHM BbiIparkaloTCA CHHTYJIApHbIMH HH- 
Terpayiamu. IloxctaBjiaa nomyyeHHoe B pesysbTaTe QOpalleHuA ypaBHenua (10) 
BbIpaxkenne f,(At) B npapylo uacTb (11) u OOpamad seBylo YacTb MoceqHero 
YPaBHEHHA OTHOCHTEJIbHO x(x), wX9 + 1—pw<x< 1, nonyaum unterpamb- 
Hoe ypaBHenve @PpeyrosbMa Broporo pofa OTHOCHTeIbHOH HeusBeCTHOH yHK- 
UHH ?, SKBUBAJICHTHOe 3ajlaue. CyleOBaTeIbHO, CYeCTBOBaHHe pellleHua n0- 


JIYYEHHOTO ypaBHeHHsl CJleyeT 3 e/MHCTBEHHOCTH pelleHHA cCMeLlaHHol 
3ayqaun. 


Matematnueckui MHcTHTYT uM. B. A. Creksopa Tloctynuao 
AkalemuHH Hayk CCCP 10 VII 1958 
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Joxnagn Akayemuu nayx CCCP 
1958. Tom 122, Ns 2 


MATEMATHKA 


rY 4A0-XAO 
O HEKOTOPbIX THIMAX OJHOPOJHbIX PHMAHOBbIX MPOCTPAHCTB 


(ITpedcmaeaeno axademuxom IT. C. Anexcandposeim 29 IV 1958) 


1. Ilyctb V, — ogHopogHoe pumaHoBo npocTpaHcTBO C MOs1O2%KUTesbHO-onpe- 
eueHHOH MeTpuKoH, G— ero rpynna y”BwKenuit u H —craluonapHaa rpynna 
aHHOH Touku Po. Ecau E — KacatesbHoe mpocrpaHcTBo B 93TO TOUKe, TO 
rpynny H MmoxHO paccmaTpuBaTb Kak rpynny sBpalenuli (rpynny ns0rpo- 
HH) B 

B paoote I’. 1. Kpyukosuya u aptopa (1) nomyuena culeqyroulad Teopema: 

Ecau epynna uszomponuu H pacnadaemca 6 npamoe npouseedenue Oeyx 
nodepynn H =H) xX Hy, ede H,—Henpueoduman u ne Oonyckaem nepecma- 
HOBO4HOLX C COOOL epaiwyenuli Ha NAocKocmu E,, Ha Komopoti ona Oeticmeyem 
6 E, a Hy Oeticmeyem Ha opmoeoHanexom OonoaneHuu K Ey, mo npocmparxcmeo 
V, noaynpueodumo, Mm. e. e20 mempuKa npuecdumca K eudy 


ds? = g,,;, (x*+) dxéedxio 4 a (xh) gj, (x*) dxhadxh 
(1) 
(igs oss. Seg3 ty, fi = GQ A PAN 881,9: 72) 


u epynna G sAeAAeMCcA Henepemewuearolueli epynnoti amoeo npocmpaxcmea (*). 

Ilembio HacTOALeH 3aMeTKH ABJIAeTCA H3yYeHHe TaKHX OMHOPOHbIX PHMa- 
HOBbIX WpocTpaHctB V,, id KOTOpbIX rpynna us0TponHu H jelcTByeT 
HeMpHBOAMMO Ha MulockocTH E, HM jonyckaeT TaM mepecTaHoBoyuHble c cobor 
Bpamienua. IIpH 2TOM mpeanouaraetcx, 4ro opToroHasbHoe jonouwHeHHe Ep 
kK E, B kKaCaTeJIbHOM MpoctpaHctBe FE cocTowT WeJMKOM W3 HeMOBHXKHbIX 
HanpaBsleHuH rpynnp 7. 


2. Ilycth {M, e,, ... , @n} — CHCTeMa JOMTYCTHMbIX OTHOCHTeJIbHO Ppynlbl 
jwBuxKeHHH G opropenepos B Vy u 
aM =w’'e;, de;= ole; (i, [7 = L<eanontin) (2) 


ypaBHeHH GeCKOHeYHO MaJIbIX TepemelleHHi 3THX pemepoB; , w — HHBa- 
puaHTuble (opmbl rpynmbt G. Umeror mecto ypapnenus Maypepa — Kaprana: 


do! = 1/y Cin [olo*] + ajpoi6"] (p,r=an+1,..., 7); cy 
dé? = 1/,C%, [6°0"] + Ci. [06] + Cin [oo], (4) 
rye w!, 0° —HegaBucumple (popmbi 43 ©, 07; Cin, C8u, Cirs ies Cim — CTPYK- 


TYpHbIe KOHCTaHTHI rpynnb! G. Ow yAOBseTBOPAIOT COOTHOLIEHHAM, BbITeKAIONHM 
M3 TomecTB SKOON: 
ee) feel aia 
AipAic — QoQ jp = CopQjz; (5) 
k v k i k 1 ee k i 
Qi<C te GnxCis = Cras an Crain: oe, OW Qics (6) 


me 


k k c L k i k é k a 
GSS ibe sie + aniCin, a GinGa ete Cran + GriGin (7) 


u T. 4. pu stom, Ap = Il a. || ABJIAIOTCA MATPHIaMA OeCKOHeEUHO MaJIbIX BDa— 


WeHHH rpynnbl H3oTponuH. 
Ecsm ppl6patb penepbl Tak ,YTOOBI @y,... , Cy WerkaJIM B Baga A Catania os eC eae 
Bo es LO 


a = CH = 0. (8) 


BeneycrBue 2sToro u3 ypaBHeHHi (6) nowyuMM CwJIeqyIollue pe3yJbTaTbl: 
oy Ze 
1) Che = 0, Cie, ae OF 
2) Matpuupr C’’ = || Cx, || nepecraHoBouHbl c MaTpHilamu A, Jt BCeX 
lo M p- : 
3 ty i 0 os ry 
3) Kaxkyblliu3 onepaToposB X;, = C7, x’''——. nopoxKaeT JIMHeHHbIM HOp- 
A 0 11%0 Ax! 


Maylus3aTop rpynmb\H B Ey. 

3. B qambHeliuiem OyIlyT HCHOb30BaHbI CyleyIOulMNe aJireOpanyeckue mpel- 
JIOXKeCHUA. | 

Jlemma 1. JTycme H —nAenpueodumaa opmoeonanbHaa epynna, Oetl- 
cmeyroluad 6 m-mepHom npocmpancmée Em; H’ — coeokynnocmeb ecex epatuye- 
Hult 6 Em, MepeCMaHOGOUHolx C Kancdblm Bpatyenuem us H, oOpasyrouwas, 
oueeuoHo, makoce epynny. Toeda B03moocHbt moAoKO mpu cayuasn: 1) H’ He 
codepoxcum Hu OOHOeO Bpatyenusn; 2) H’ sbasemca odKOnapamempu4eckott 
epynnou, 3) H’ seanemca mpexnapamempuueckou epynnot H), 


Jlemma 2 (#). Ecau cytyecméyem @patuenue g, Nepecmanoeounoe C epyn- 
not H, mo m= 2s u 6 nodxodsweli cucmeme KOOpOUNaM BpateHuto g Coom- 
eemcmeyem mampuya 


i= E ay (E,— eOunuuHaA mampuua nopaoKa Ss) (9) 


Ss 


ae 


6 OpmoeoHanbHot aneeOpe Ds. 
tg 
JlemMa 3. Ecau H' =H3,mo m= 4s u 6 cneuuarbHoll cucmeme Koop- 


Ounam Hs; coomeemcmeyem nodareeOpa opmoeonarbnoti anze6pol Dos c 6a- 
BUCHOLMU mMaMpuuamu 


0 Ey, 
— E,, 0 


B--A 


[= ; nes sae 


(10) 


; AB 
Ba pa 


2de A, B— Kococummempuueckue nepecmanogounole mamputiol 28-20 nopa0Ka, 
yoosaemeopsroiue paeerncmey A? + B% = — Ey,. 

Sametum, 4To J;, /2, J; u Ey; cocraBmioT Oa3cbl MaTpHuHOrO mpeycTaB- 
JICHHA Tesla KBaTePHHOHOB. 

JIemma 4. Ecau g s@asemca oONOMepHolmM AUHetiHeLM HOPMaAU3sAaMOpOM 
Henpueodumoll OpmoeoHanbHol epynno. H 6 Em, mo g coomeemcmeyem 
mampuya KE + A+ 5, ede E—eduauunana mampuya, A= || as ll npuHao- 


Aencum aneebpe JIu epynnet H, B= || bg || —aanee6pe Ju epynno H’. 

4, Ecam rpymma usorpomma H He onycKaeT mepecraHOBOUHbIX Cc co6oli 
BpallleHwH, TO, COracHO WHTMpOBaHHOH BbIlIe TeopeMe, mpocTpanctBo V,, 
MOJIYMpHBOMMMO c MeTpHkoH (1). B camyyae s=£const mMoxkKHO HeCKOJIbKO 
YIOUHHTb STY TeOpeMy, a HMeHHO, Qi,;, (x) dxadx/ B (1) HomKHa ObITb 9BKIIN- 
nosou. Iloaromy MoxKHO BbIOpaTb CHCTeMy KOOPAMHAT TaK, 4TOOI 


ds? = gi,;, (x) dxtedxte + 2" [(dx9tt)? +...4 (dx")?]. (11) 


Kpome Toro, Mbl MoslyyaeM M CJlenylollyo Teopemy. 

Teopema 1. Odxopodxoe pumanoeo npocmparncmeo Vy (ds?*>0) He 
donycKkaem epynnel nodobutt 6onree wutpoKoli, vem epynna Oé6uoKeHULi, 3a 
ucKAIOUeHUeEM MOozeO CAYUaH, KO20A Vpn 36K AUOOBO. 

Wiz: 


9. PaceMorpyM Tenepb culy4ait, Korga rpynna wsorponuu H onycKaer 
TOJIbKO OHOMapaMeTpHyeckylo rpynly mepecranoBouHbIx Bpallenyi: Torga 
ypaBHenua (2) MoxKHO HanvcaTb B Bue 


dat = "2 Cha, loroh] + € Slar,ort] (s=* 54, a=q41,...,¢+8), 
dot = 1), Cha foro%] (a= 2, ... , 9); U2) 


. He . ° ; ; . 
do — yD (ioe foo’ | oe Cre [ad71@y/0| — bre [co!sey + Qj'o foiif"], 


re L 
rye MaTpHubt By, = |i Dim, || MepectaHOBOUHbI C MaTpHllama A, Jit BCeX My 
wo; C — nocTosHHas. 
a) Ecun C = 0, TO MbI BOsBpaliaemca Kk cutyyatlo (11) am kK npHBO_UMo; 
MeTpHkKe (1) npxH so = const. 
b) Ecm C0, a see Cy,=0, To B. HeKOTOpOH cHcTeMe KOOp]MHAaT 
MeTPHKa MpOCTpaHcTBa MpMBOANTCA K BUY 


ds? = dso (x2) + [dx + 0 (x#, dx) + 5 Si (edast= — xstedx)|*+-dsi (x4), (13) 


Bie ds, (x7) (Gg — ok pags MeTpHKa, OMycKatollad mpocTo-TpaH3sHTHBHYy!O 
rpymy gewKenua G™; copmpr o! = dx! + w(x, dx?) sBAMIOTCH HHBapHaHr- 
HbIMA (bopMamMu rayne IBwKenuit Gj, coctosuelt uz G") wv oyHnomepxoro 
ueHtpa, ds; (x) —(n —q)-MepHaad MeTpHKa c TpaH3HTHBHOH rpynnol WBux«e- 
Hu G®), ocTaBJIAIOlleH BHelIHIOIO (opMy >, [derdxets] WHBapHaHTHOH. 


a 


cj.Bom C=O He sce Gy 7='0,° 70 
ds? = dsp (x*) + e-2f(«”) idx! + @ (x7, dx*) + /,C a (x*dxr+s — xotsdx))? 4 


+ e-2hx9) [(dxat)2 4. (a, (14) 


rye ds, — (g — 1)-MepHas MeTpuka, JOMmycKaloulad MpoctTo-TpaH3uTHBHy!o rpyrity 
G. df = Caw; «popmbt oy = e—2f (9) [dx! + w (x2, dx®)], @%— WHBapnaHTHbie 
(opm! HeKOTOpOH rpynmbl Gy, KOTOpast MMeeT (g — 1)-mepubiii HOPMaJIbHbIM 
JIeMTeIb C HenpeppiBHbim wexHtpom; G”) —nogrpynna Gy 

SameTuM, 4TO B culydanx b) uc) x4 = const npeycTaBssioT CoOOK BrowHe 
reoyeswueckue WM MMNPHMHTHBHbIe MHOrOOOpa3sHA, OHaKO BCH MeTpHKa ds? 
He ABJAeCTCA MOJYNPHBOAMMOH, Tak Kak moe mmlocKocreH E, HerosOHOMHO. 
Teone3suueckue wuHun x'=f oOpa3syioT cucTeMy MMMpHMHTHMBHOCTH rpynnbi 
JIBHXKCHHH W CaM ABJIAIOTCA TpaeKTOPHAMM CBUTra. 

6. [lepexonum k Oovlee CJIO*KHOMYy C.JTyyalo, Korjla HT jomyckaet Tpex- 
napaMerpwueckylo MepecTaHoBouHyIo c co6oH rpynny BpaljeHul. Mbt o6o3Ha4HM 
yepes Q1, Q?, Q? BHemHne mops BTOPOrO NOpxKa, COOTBETCTBYIOMIMe KOCO- 
CMMMeTpHYecKHM MatpuaM /;, Jo, /s. Torga ypapnenua (3) wMeroT BHI 


deste = 1/, CPy, ooeeoko] + CQ”; (15 
I 


do's = 3/5 C7n, [oho] + Cm, [0%] -F Bfim, [oho] + ay, for6°]. > (16) 


Sylecb BO3MOXKHbI CuleLyiouMe culy4aH: 

a) Bce Mo = 0; Torjqa MMeloT MecTO pe3yJIbTaTbI II. 4. 

b) Bee q ae COP nponmopmuvoHaybHbI; Torga mouryuarorcsa pesy.ibta- 
Mh Wa 

c) Cpean (bop CBO? 3 3ABHCMMbIMH SIBJISIOTCH 2. (OPMbI. 


d) Popmer CO? BpipaxkaloTca yepes 3 HesaBHCHMble (POpMbl 3 UX YMCA. 
PaccmotpuM cHayasia cuyuai d). B 3ToM ciayyae MeTpHKa MpocTpaHcTBa. 
WMeeT OJMH H3 CJIeELYIOWIMX ABYX BUOB: 


ds? = dsj (x*) + gpiw’wo! + ds; (x*1) (17) 
(a =e 4D GO) pe a) 
ds? = ds? (x) + gp oP at + ef (9) [(deeray? +... + (dx)?], (18) 
rye dso = ye (w*)? — (q —3)-MepHaad MeTpHKa, JOMycKalollai mpocTo-TpaH3H— 


a 
TuBayio rpymny G": 


oP = of (47) [oo (x, dx") $ at (x2, dx) + ot (6%, dxs)]; (19) 
pu (x*) ONpememOTCA W3 BHOJIHe MHTerpHpyeMOH CHCTeMbI 
do} = — Cha 940%; (20) 


2pt — NOCTOAHHbIC, COOTBETCTBYIONIMe CHMMeTPHYeCKON NOJIO*KUTEIbHOK MaTpule 
3-ro nopsaka. IIpu stom 


1) w', @, © yoBMeTBOpAIOT COOTHOLMeHHAM 
dot =afaw |], dw == 8[w'w'], de® =y[o'w’], (21) 
rye «, B, Y—NOCTOAHHBIe, paBHble HyJIo B cityyae (18); 
2) dbopmpr of (x*) [w’ + x'], wo? ompenensior rpynny Gy, KOTOpad COmepKUT 


(q — 1)-MepHbI HOpMaJIbHbIM eJIMTeb B cutyyae (18); 
3) cbopmbr o? yOBMeTBOPAT COOTHOLICHHAM 


OP = fda! (22) 


4) ds} (x) B (17) —(n — q)-Mepnaa Merpuka, jonycKalollaa rpynmny _BH- 
%KeHHH C rpynnok usorponuu H, KoTOpan ocTaBJIAeT MHBapHaHTHbIMH BHeLWHHe 
cbopmpr do. 

SaMeTHM, TO MpocrpaHcCTBO MMeeT co?—3 YMNPHMVMTHBHbIX TPeXMePHBIX. 
BOJIHe TreojesHuecKHxX MuorooOpa3sHH Vs: x* =const, x? =const, Kayan 
reoyesHuecKkasl JIMHHA KOTOPbIX SABJIAeCTCA TpaeKTOpHeli cuBura. B cayuyae (18): 
Kaxjoe V3 HMeeT SBKJIMJOByIO MeTpHKy. 

B cayyae c) coxpansiotca pesybTaTb! (17) uw (18), TombKo p,¢=1, 2, 
a=3,...,q¥" dw' = dw =0. 

IlojyueHuble pesyJIbTaTbI C(PopMyJIMpyeM B CJlesyrouleli Teopeme. 

Teopema 2. Ecau epynna usomponuu odxopodnoeo pumanxoea npo- 
cmpancmea Vn ocmaeanem HenodeuoKHolmu @ece HanpaeaeHusa Ha naAocKOcmU 
Eo u deticmeyem Henpueodumo Ha opmoeonarvHom OonoaneHuu E, K Eo, mo- 
mempuka npocmparcmea umeem eud (1) (6 Het o (xk) = 1), (11), (13), (14), 
(17) wau (18). 

SameTuM, uTo Bcsyyaax (11), (14), (18) merpuka onpegensetca 3aqaHvem 
rpynnbl Gy C yKa3aHHbIMM BbIllle CBOHCTBaMH, a B cslyyanx (1), (13), (17) — 
rpynnt! Gy u (fm — q)-MepHolt MeTpHKH, joMmyckalouleli TpaH3uTHBHYtO rpynny 
ABWKeEHHH C Tpynnow usorponmm H, KoTOpas ocTaBJIAeT HHBapMaHTHbIMH OJHY 
HJM TpH BHeIUHHe (OpMbl Broporo mopsAyKa B calyyaax (13) u (17) coorser- 
CTBeHHO. 

B 3aksuoueHve BbIpaxkalo MCKpeHHIoIO GOsarogapHoctb I]. K. PamiescKomy, 
A. M, Bacnesy u I. HW. Kpyukosnuy 3a nennyio nomoutp. 


MockoscKHit rocylapcTBeHHblit yHHBepcuTeT Tlocrynuso 
um. M. B. Jlomonocopa 24 IV 1958 


IMTHPOBAHHASA JIMTEPATYPA 


1T. YW. Kpyukosuu, Ty Yao-xao, JAH, 120, N 6 (1958). 27. H. Kpy4u- 
KOBHU, Ycr. Matem. Hayk, 12, 6(78), 149(1957). 39. Ka p tau, TPeomerpua rpynnpi Ju: 
H CHMMeTpHuecKHe Mpoctpanctsa, WJ], 1949, crp. 162. 
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Hoxnxage Akagemun nayx CCCP 
1958. Tom 122, Ne 2 


MATEMATHKA 
MW. HW. JAHHJHOK 


MCCJIEMOBAHHE OJHOW 3AJA4H C KOCONK 
MPOW3BOAHOH MPH MOMOLIH CHCTEMbI 
YPABHEHUM OPEJIFOJIBMA 


(Il pedcmaenexo axademuxom H. H. Bexya 19 IV 1958) 


1. B sTow craTbe K MCC/IeOBaHHIO 3aauH C KOCOH MpousBosHOn Oy ner 
MpHBsieveHa CHCTeMa HHTerpaJIbHbIX YpaBHeHHi WpeprobmMa. Orpannunsasicn. 
OJIHOCBASHbIM CJIy4aeM, MbI MO2%KeM 6e3 yulepOa AIA OOULHOCTH npeANOOKUTH, 
yTo o6acTb D, rye MuleTCA pellleHve 3aau, eCTh CMHHUHBIT Kpyr Cc OKpyx- 
HocTbio I’, Tak Kak K 9TOMY CJlyyalo BCerfa MOKHO CBeCTH 3aja4y mpH no- 
MOULH KOHopMHoro oToOpaxkenua. JLia Oowbuel OOM,HOCTH MBI paccMOTpHM 
OHOMapaMeTpH4yecKkoe ceMelicTBO 3ayjau By. 

Sajaua By. Haitrn nenpeppipuyio B D+T dynxumo f = u + iv, npen- 
CTaBJIAIOULYIO COOOH OOOCOMLeHHOe pellieHHe ypaBHeHHA 

af a { 


= = \B(2)F (2), Ap\) x (apt faz) (1) 


H HMeIOULyIO HempepbiIBHO MmpoyospKuMy1o Ha I’ npousBoyuyro Of/dz, npuuem Ha 
[ ynoBseTrBopseTca rpaHHyunoe ycJioBHe: 


Rela tNil=7, =s(g-iz)- (2) 


3yecb B(z) —3anqannaa B D cbynkunsA, oOsayaioujad npousBoqnoH B.€ L,(D), 
p>2; 3amanupie va I dynkunu a, Ob HenpeppiBHo Audpepenuupyembl, a y~— 
H-venpepbipHa; A — elcTBHTeJIbHbIM napamerp. B= cujy mnpeqnoloKenust 
a(t) 0, t€T, moxno cuutatb, To |a| = 1. 
Kak noka3aHo B (?), 9Ta 3aaua SKBHMBAJIEHTHA CJIeAylouleH 3ayaye: 
3amaua C,. Onpetesmutb o6oOuleHHoe HempepbIBHO mpoovpKHMoe Ha I” 
pelieHHe CHCTeMBI 


Ory = ABFi, 

Oz 

= = BF, +| BP F, (3) 
Zz 

OF 3 — 

= F ) 

Oz : 


yopsieTBopsionjee Ha I’ KpaeBoMy yCJIOBHI0 


Re [gi (t) F (¢)] = /y (¢), 
‘wb a 0\ Fy i) 
\ 


g,| 1 JaeM Pre A S10 (4) 
Be. Fg 0 / 


JlerKo noKa3aib, uTO 3aqaua C, MoxeT ObITb TIpHBefeHa K HEKOTOPOMY 
BUY, Korjla 3a CYeT He3HayHTeMbHOrO YCJIOMKHEHUA MpaBCH YvacTH CHCTeMbI (3) 
MaTpHla 2, He COfeprKHT auIemMeHTa hb, a BXOMsAad B Hee CYyHKILMs a(t) 
uMeer Buy {-%, Te *-—WHeKC paccMaTpMBaeMbIX 3a]au, PaBHbIM mpupalie- 


HHIO (pyHKIHH x [arg.a(t)] mpH onoKpatHom o6xoge ¢ Byom I B nomoKH- 


T@JIbHOM HampapsieHuH. B caMom jeje, o603Hayad uepes 6 (Z) MpPOH3BO/IbHOe 

npomounKenue BHyTpb D cdyukuuu b/a, 3agqannot ua T’, noqyvHeHHoe ycs0BHI0 
~ 

8-E€L,(D), p>2, HW BBOUs HOByIo HeMsBecTHy!IO (yHKUHIO ~, MO opmysie 

6, = F,+8F,, Mbl nowy4uvm MepBoe ynpomlenve B ycJiopun (4). O6osHauHM, 

Janee, uepe3 Q(z) ananutuyeckylo B D dyHkuMio, -leHCTBHTeJIbHaH YaCTb KO- 


Topoli wMeer Ha [ 3Hauenua arga(t)+argt; 9TH 3HayeHHA Oj[HO3HAUHbI 
B CHuJIy BbIGopa uucsIa x, H Q(z) MO HHM cTpOHTCA No usBeCTHOH (Copmyvie 
Ilpapua. Jlenat eue ofHy 3aMeHy HeH3BeCTHBIX NO opmyiaM 9, = Fy, 
, = e-'%,, 3 = Fy, Mbl MOJIYUHM, KaK NOKa3bIBalOT MpocTble MoOsCueTHI, 


B3aMeH (3) cJIeMyIOllyo CHCTeMy: 


(6) — 
—? = A,o + Bye, 
Oz 
i 0 0 0 if 5 eam apa (5) 
Ay=(" O/B P3285) 27 0 0) Bene), PEGE.) Sue aa al: 
0 0. \ —r6 en 
a Kpaepoe ycJloBHe (4) 3aMeHHTCA CJleqyIOULMM: 
Re[g(4)e (Hl =A), 
0 {-* ON ye* ‘ (6) 


g@y=(t OS tS 0 
i 0 t a) 


re @, = ImQ(z). Takum o6pa30m, KpaeBoe ycvlopHe (6) 3ayqaun C, He co- 


JlepoxKUT MapaMetpa 4. 
2. Ulpemmouiox%KuM cHayasla, YTO HHJeKc 3ayad »% HeoTpHateen (x > 0), 


WM pacCMOTpHM MaTpully G(t), onpeyesennyto Ha LP copmysor 


ee) —1\ 


Giiige@) mh 24-900 (7) 
i Oy 


B CHJIY NpeMOJIO2KeHHA x > 0 3Ta MaTpHia JONyckaeT MpOMO.KeHHe BHYTPb 
oOsnactu D Kak H€NpepbIBHaA WM aHaJIMTHYeCCKaA NO Z MaTpUlia. 


PaccmoTpuM Tenepb omepaTop 


Tos “ANI a) ee 


aoe z 


; (8) 
im (t) = Ane + Bag. 
Barkueliliee CBOHCTBO 3TOrO OMepaTopa COCTOHT B TOM, TO OH MepeBoJuT 
MOO0e MHOxAKeCTBO BeKTOp-dynkuni @(z)€L,(D), p>>2, B MHOxKeCTEO BeK- 
1op-(PyHKUMit, yOBMeTBOpAIONHX ycuOBMIO (Ha KoHType I) 
Re |e (¢) To@)/= 0; a oy, la (9) 
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4TO JI€rKO MpoBepseTcA Ha OCHOBaHHM cooTHOWeHHA (7), Kpome toro, oH su- 


He€H Haj MOJIeM JeHCTBUTeJbHbIX YHCe/, BNOHe HenpepbiBeH B TelicTBUTeWb- 
HOM THJibOepToBOM MpocTpaHcTBe TpeXKOMMOHeHTHDIX BeEKTOp-(PyYHKIUMH CO CKa- 
@) (2) ° (a) & 
JIAPHBIM TIpOnsBeeHHeM (— , ~) =Re \\ » ae ds WM mpefctapaaer onHy u3 
Di=1 WS 
MPHMHTHBHBIX OTHOCHTEJIbHO onepaTopa /dz: OT 9/dz = (z). B cuay nepe- 
4HCJICHHBIX CBOHCTB ONepaTopa T, AA Toro, uTOObl BeKTOP-(byHKILHA © Obia 
PpelueHHeM CHCTeMbI (5), HeOOXOMMMO MW JOcTaTOUHO, UTOObI Ona yYROBJIeTBOpAAa 
CHCTeMe HHTerpaJIbHbIX ypaBHeHHlt 


9 (2) = Trg (2) + ® (2), (10) 


rye © — nenpeprienpli B D+T pextop anamuTuueckux dynkunii. B CHJTY 
COOTHOIeHHA (9) TIX Toro, uTOObl pewenve cucTempl (10) Obiwio pewennem 
gayaun C,, HeoOxoquMo uM focTaTouHO, uTOOHI OD Opin0 pewieHHeM 3aqaun (6) 
B KJlaCCe aHaJIMTHYeCKUX CPYHKIMH. J1a 3aqaya pelaetca scddeKTHBHO, HMeHHO 
@M,=a-+ i8, OD =a— iB, rae « WH B — NpPOHSBOUIbHbIe JeHCTEUTebHbIe NoO- 
CTOAHHBI€, a KOMMOHEHT 2, yOBJeTBOpsIOWULHH ycnoBuIo Ret—*M, = yy, y, = 
= ye®x, BOCCTAHABJIMBaeTCA MpH MOMoMIH MHTerpaa IBapya (no dopmyue (3), 


§ 8): 


2 ik a LI po cee ea 

®, (2) = sep \ i) Rae FT E+ DY gen, (che1) 4 By (2h + PN); 
r k=0 

(11) 

Bech &, &, Br, R=O0,1,....x—1,—npon3BoubHbIe MOCTOAHHBIe, Tak 4TO 


Bektop © cogepxuT 2x + 3 Npon3BOJIbHbIX JeHCTBHTeJIbHbIX MapaMeTpos. 

TakuM oOpa30M, 3ayjaya C, CBOJMTCA K pellenHio cucTembl (10) c Haltqen- 
HbIM CBOOOXHBIM WieHOM. Kak nokKa3biBaloT pHMepbI 3ayayu THNa B ((?), § 75, 
3°), onepatop 7, MOKeT HMeTb HerycToH cnextp S*. OgHako MO?KHO moKa- 
3aTb, UTO 9TOT CIeKTp BCerga AMCKpeTHbIM. ITO culekyeT M3 TOrO, YTO YHCVIO 
} = 0, Kak MOXKHO MOKa3aTb, HCXOMA U3 MpeAbIAyULMX COOTHOWICHHH, He eCTb 
COOCTBeHHOe UnCIO OMepaTopa 7T,, HW Torga, B CHJTy OHOM Teopembl u3 (4), 
pe3OJIbBeHTa ero CylecTByeT MH MepomopipHa M0 i. 

Haszopem MHoxectBo S* cneKTpoM 3afau By Hw Cy, upHw x >0. Mor 
MOxKeM C(OpMyJIHpOBaTb cwleAyIoulee yTBepKTeHHe. 

Teopema 1. JIonycmum, umo undekc 3adau By, u C, Heompuyamesrex 
(x>0). Toeda cnexmp S* amux 3adau @ceeda OucKpemnHbitl, U ecau d He 


0 0 
ecmb coOcméentHoe 3HaueHue, mo oOOHOpoOHvie 3adauu By u Cy, Umerom mo4no 
Qn +3 aunetiHo HesaeucuMmblIxX HAO nonem OelicmeuMeAbHOIX 4UCeA PewleHUu, a 
HeoOHOpodNole sadauu By u Cy paspewumol npu aimbot npaeot wacmu. Ecau 


0 
2ES*, mo uucao 1 aunetiHo HesaeucumBlx peweHut oOHOpodNelx sada By 


u G paeHo 1, +2x+3, npuyem aucao 1, aunetHo He3zaéeuclmolx peweHuu 
odHOpodHoti conpasicenHot sadauu (1) yOoeremeopsem Hepasencmeam 1,<kR 
u l>k—3 npu k>3, ede k—Kpamnocmb cobcmeenHoeo 4UcAa i. 
Tlocuenuee yrBep»eHve cyleqyeT u3 Teopembl 4 (7) HM HeKOTOPBIX MOrOVI- 
HAT@JIbHbIX PaCCMOTpeHHi. 
3. PaccmoTpHM Tellepb culyyai oTpHlatembHoro § MuseKca: x = —x <0 
(x > 0). IIpeapiqyuive nocrpoenua B STOM C/ly4Yae HeNPHMeHHMbI, MOCKOJIbKYy 
Matpula (7) He MoxkeT ObITh NposouKeHa BHyTpb D pery/ApHo M aHaJINTH4Ue- 
CKH, 1aK uTO OMepatopa Tuna (8) He cyulecTByeT. OHaKo cucTeMy MHTerpaJb- 
HbIX ypaBHeHHuii, K HCCeLOBaHHIO KOTOpOl cBOAUTCA saqaya Cy, BCe 2Ke MOXKHO 
nowy4uvtb (cp. (°)). MmMenno, noctpoumM onepaTop 
aa ee © () ayo) 9 
eee | AO eam |“ 2) 
2 JAH, 7. 122, N 2 ye 


On o6magzaeT BceMM cBOfcTBaMH, NpHcyuluMM omepatopy (8), 3a HCKIOYeHHeM” 
cpoficrsa (9). Ero cnexrp S” nagsopem cnekTpom 3afau By uw CG, mpH 
OTPHUATeIbHOM HHAeKce x <0. 

Teopema 2. Jlonycmum, umo uxdekc s3adax By u C, ompuyamenen 


(x, =—x, x>0). BenKoe pewenue sadauu C, ydoeaemeopaem makoce 
cucCmMeme UNMeePANbHULX YPABHeHUU: 
9 (2) = Kae (z) + ® (2), (13) 


20e 2onomopHoul nenpepoiensii @ D+IT eexmop @ onpedeasemca np 
NomoLuiu QopmyAdl 


4 Sse LONG aTaKt 
O@)= | eH 4-600 (14) 
R 
(g u G umerom me oe snauenus (6) u (7), 4mo u eouue). Cnexmp S” amux: 


3adau mone eceeda OucKpemeH, U ecCaAu h He ecmb coOcméeHHOe BNaYeHUe, 
mo 4ucao pewenutt 1, aunetiHO Hesaeucumyix Had nosem OeticmeumerbHolx 


0 0 
YuCceA, OOHOPOOHLx 3adau B,u Cy ne npeeocxodum Oeyx, Npuuem 6 s3aeucu- 
mocmu om gynkyuu B(z) eo3moxcnot caywau: [= 1, l= 2. 


Ec i ¢ S~, TO cvctTema (13) paspemimmMa mnpH wOO6OM cCBOOOJHOM WIeHe 
@ (z), OMHaKO ee peilieHve He JaeT, BOOOLLe TOBOPA, pellieHHA HeOAHOPOAHOM 
gamauu C, ¢ mpaBonw yacTbio A, BxofsueH B (14). Kpome Toro, mpu pa3bicKa- 
HH pelleHHi 3afaun C, ecTrecTBeHHO HOPMHpOBaTb HX B Havale KOOpAMHAaT 
ycuioBHem 9,(0) =a + iB, rye « HB —HeKOTOpbIeC AeHCTBHTeJbHbIe MOCTOSH- 
Hbl€, MOCKOJIbKy, KaK CJleyeT H3 TeOpeMbl 2, BO3MO2KHbI CJIyYaH HeoJHO3Hay- 


(1) 
HOM pa3peuiMMocTH C,. Sanannaa Ha I’ cbyuHkuua y, WMeeT BHU cyMMbI y + 


(2) (1) F 
+ y, Me y MpvuaqviexuT K nNo-mpocrpancTBy teh (T) us AQ(), Hatsany-. 
(2) 


Tomy Ha Oa3uc 1, cosQ, sing,..., Cosxp, Sinxp, a Y MpHHalwexKUT ero op- 
(1) 


TOPOHaJIbHOMy JonoutHeHHto. Kak cenqyer u3 (14), cocTaBasiowlat y Ha pe-- 


meHve HHAKaKOrO BJIMAHHA He OKa3bIBAeT: OHO OMIPeeJIAeTCH UCKJIFOUMTEJIbHO « 
(2) 


CocTaBJIAIOWIeH YY H HOPMHpOBKOl B Hayasle KOOpAMHaT. 


(1) (2) 
Teopema 3. Cywecmeyron mpu dynKyuu v(t) p (t), w(t), npunad- 
Aencaujue nodnpocmparncmey HY (T) (npuwem v enoane onpedeanemca cocmae- 
(2) qq) @) 
Asouel y, a %, ~ OM y, He saeucam) maKkue, umo HeodHOpodONdle 3ada4U: 


Cy Ue By np, ): S S” umeiom eduacmeennoe pewenue, HopmupoeanHoe ycao- 
9 


(2) 
euem (0) = a+ iB, Cc eudousmeHeHHod dynxyuet y" = y(t) + v(t) + 


(1) (2) 
+au(t) + Bu(t) @ coome2zmemeyoyix npaeux wacmax 3sadau By u Cy. 


3aKJNOUeHHe BbIpakalo Cepheydylo OwlarogapHocts WM. H. Bexya 3a men-- 
HbIe COBETbI MIpH HanHcaHHu padorbl. 


Matematuyeckuit wHcTuTyT uM. B. A. CreKsoBa 


Tloctynusno 
Akaiemuw HaykK CCCP 


14 IV 1958 
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Toruagn Akaxqemun nayr CCCP 
1958. Tom 122, Ni 2 


MATEMATHKA 


A. 1. JIYUKA 


AOCTATOYUHOE YCJIOBHE CXOJMMOCTU 


METOJIA OCPEAHEHHA ®YHKUMOHAJIBHbIX NOMPABOK 


(IT pedcmaeneno axademuxom H. H. Boeonwbosem 13 V 1958) 


PaccMoTp¥M JIMHefHOe HHTerpasIbHoe ypaBHeHve Ppexroupoa II poga 


6 
y(x)=e(x) +9) K(x, Dy (de (0<|A[ <e). 


(1) 


Zlonyctum, uto cdbyHkunu o(x) u K(x, &) BellecTBeHHbI HM MmpHHaqexKaT 
mpoctpaHctBy L?(a, 6). Tlycrb ypaBHeHue (1) WMeeT eHHCTBeHHOe pelleHHe 


IipH HEKOTOPOM 3HaYeHHH TMapaMeTpa r. 


Mertog, ocpeqHeHuaA PYNKUMOHAJIbHbIX NOMpPaBOK, H3J1IOXKeHHBI B (1-4), 3aKJIO- 


yaeTCA B TOM, UTO B NepBOM npHOwMKeHHH NOJI@araeM 


b 
Y, (x) = 9 (x) + doy \ K (x, §) dé, 
rye 


b 
os s\n) ax (h=b—a>0). 


V3 papeuctea (2) u (3) onpememaem o%: 


b 
1 
Mee 5295 \¢ (x) dx, 
rye 


b 
D(x) =h—>\ K (x, §) dé dx. 


Re 7"“lUS 


B n”-M TpvO7mKeHHM MosaraeM 


Yn (x) = 9 (x) A K (es 8) na @) + on) a, 


rye 
' b 
bn = -\ Sn (x) ax; 


3 (2) = YalX)—Ynalt) (n= 2 3,...). 
lad 


(2) 


(3) 


(4) 


(9) 


(7) 
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V3 papenctsa (5), (6) uw (7) nowyyaem 


Bb 
da(x) = 2\ KG, 2) Ona @) — tan) deta K(x, ds 8) 
b 
\\ Ke e(O1L, (=e) ee = (9) 


Ilyctb D(A) #0. Torga u3 npegnosoxeHHh OTHOCHTeIbHO PyHKUHH # (%) u 
K (x, ) cuemyeT, uTO Bce tbyHKUMH y, (x), a 3HAauHT, MH BCe CPyHKIHH 54, (x) 
npuHayiekatT npoctpanctsy L*(a, 0). 

@MyHKUMH 6,(X) H %_, MOXKHO MpecTaBuTb B Bue 


8, (x) ced \ (K (x, &) — M (x)) (8n—1 (8) — M%n—at) dé + anh M (x); (8’) 


a 


bb 
an = Bag \ \ (K (4:8) — M(e)) (Bra (6) — Nieinat) dé de, ) 
nn aa 


b 
M(x) =-\ Ke, Odi, 


¢ — npon3BouIbHblit_ mapamerp. 


Bpiutem “3 O6eux yactefi paseuctBa (8’) Mo,t, MOJIYYeHHbI pesyibTaT 
BO3BeeM B KBaj[paT HM MpOMHTerpHpyem No x; Toryla MoJIlyYHM 


\ b 
aC = \ (32 (x) — Maat)? dx = 


a 
b 


=f ‘\ (K (2% §) = M (8) Bnaa (@) — Nita) +a (M (x) — Ode, 


Mcnoubsya Hepapenctso MyxkoscKoro, moutyyuM: 
b b 


(a (<A) K Ge) — MM) Cn @) — Min at) Pde} 
+]Ajh 1% (M (x) — t)? dac|t 


IIpumensaa HepaBeHcTBo ane ByHAKOBCKOrO, OKOHYATeJIbHO NOJIyYHM He- 
PpaBeHCTBO 


b 
(Pr (Dynal 


Re 


(K (x, 8) —M (x))Paé ax\. (©, (t)}+ 


Ae: {x8 \m ye iyeax\™. (10) 
M3 (9’) umeem: ‘ 
+ OF DB. 
eee OF es vw \(K (x, £) — M (x))2 dé dx. (11) 


180 


Ha ocnopanuu (11) u3 (10) NoJlyuaeM COOTHOWeHHe 
b 
(Pn OP" < || nays () Ke, 2) —M Gp aeaxhe x 


Arle | 9 | 
ot ae yd Dh 


Qe Qe 


(M (x) — i) dx |! ‘|. 


bb 

a 

Tlonoxum t = K= < oy \\ K (x, §) dé dx; Torna 
aa 


@, (K) < 2? D,_, (K), A) 
B= WK, )—M@yrdede {i+ aa (x) — K)Pdxpinle, 
tS! EM? — hK2 y's ie : 


bb 
B= \lK (x, &) di dx; (13) 
M =< \ (VK (, &) di)? de. 


Tak Kak cdbyHkuHu 9(x), K(x, &) mpunagmexatT npocrpancrsy L?(a, 5b), 
TO M3 paBeHctB (2) u (4) (D(A) #0) caenyer, 4TO 


Di(K)<C (81 (%) = 41 (*))- (14) 


Ilyctb @? << 1; torga u3 (12) u (14) caenyer, uro mpu n—-co O,(K)> 

— 0; cseqoBatesbHO, no (11), ae — 0, a OTCHIa HW &,—> 0. 
b 
Vis 9D, (K) = \ (6, (x) — MK an)? dx clefqyeT, TO NpH m—-oo 
a 

b 
(8 (x) dx—>0; T. e. moceqoBaTebHOCTh (pyHKUMH yn (x) cxoqurTca B cee. 
a 
Tak Kak mpoctpaHcTBo L?(a, 6) momHoe, TO oTcloqa cmexyeT, 4TO MoceqoBa- 
TEJIbHOCTb (pyHKUMH Y,(x) CXOMMTCA NpH Noo K cynKyuu Y (x), mpHHagse- 
*Kaulel mpoctpauctsy L?(a, 6). OuepugHo, uTO *byHKHsa Y (x) ABAMeTCA peule- 
HHeM ypaBHeHHs (1). 

BpipeseHHoe yculiopHe 2 < 1 menee OrpaHH4HTeJIbHO, 4eM yCJIOBHe, MpHBe- 
JIeHHOe B cTaTEe (*). 

B cayyanx K(x,&)=C u K(x,§)=K(x) B?—hM?=0, %*=0, 
%) = 0; meppoe mpvOuMxKeHHe JaeT 1OUHOe pellleHne. 

b 
Ecuu \K(, é) dé =0, To £? = \*B*. B arom ciyyae MeTo ocpeqHeHHA 
a 

(PYHKUMOHAIHIX MOMpaBOK BbIPOAKMAeTCA B MeTO MOCJI€OBATeJIbHbIX IIpH6JIH- 
Kenn. Tipw 2B? < 1, Kak H3BeECTHO, CXOMHMOCTb MeTOJa NMOCEMOBATEJbHBIX 


npHOnmKeHHi JoKasana. 
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IIpumep. PaccmoTpHm mpoctoe ypaBHeHHe 
1 


y.(x) = — 20,2 Vx+ VV x(E+ 10) y (6) dé, 


0 


KoTOpoe MMeeT oueBHHOe pemlenve y(x) = Vx. 
3 444 
[1a 9TOro NpuMepa Mee: B= a) = 3 K?=49; DQ)=1— 
3 = 
—3-7=— 20; S=3(1+ RV <1. 
CrelyeT 3aMeTHTb, 4TO OObIYHO HcnouIb3yemoe OcTaTOUHOe YCJIOBHe CXO- 


JMMOCTH MeTOJa MOCeOBAaTeJIbHbIX MpHOJIMKeCHHH B WaHHOM CJlyy¥ae He yOB- 


' 331 o 
JIeTBOpsAeTCA, Tak Kak ,\?B? = oui 9> 1. O6br4HEI mpomecc nocsleqoBaTeJb- 


HbIX IIpHOW2KeHHH B JaHHOM MpHMepe pacxoguTca. OHako MeTOqOM ocpewHe- 
Ha (yHKIMOHAJIbHBIX NOmpaBOK 9TO ypaBHeHHe pelwaetca. Ileppoe MU BTopoe 
NIpHOJIM2KeHHA HMeIOT BHI 


yi (x)= Vx + 0,01 Vx; 
Y2(x) = VY x—0,0001 Vx. 


Yy (a) = Yo (x) =0,0001 x, 7. e. OTHOCHTeIbHad MorpellHocTb cocTaBAAeT 
FO os 


VMnctutyT MaTeMaTHKH Tloctynuso 
Akawemuu uayk YCCP 9 V 1958 


UMTHUPOBAHHAS JIATEPATYPA 
+10: I Co Koos, Jlonos. AH YPCP, Ne 27(1955)" * 10, Gok O20 B, SK. 


maTeM. *xypH., 9, Ne 1 (1957). 3 1O. DI. Cokoaos, Yxp. matem. xypH., 9, Ne 4 (1957). 
410. 1. Cokoaos, Ykp. matem. xypu., 10, Ne 2 (1958). 
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Jlornayer Akanemun nayrx CCCP 
1958. Tom 122, Ne 2 


MATEMATHKA 


B. A. MAHEBHY 


KOMIMJIEKC NPAMbIX WECTOM CTENEHM, MOPOKTAEMbIN 
TETPAIAPAJIBHbIM KOMILJIEKCOM 


(ITpedcmaeaexo axademuxom II. C. Aaexcandposeim 12 V 1958) 


B pa6ote paccmMoTpeHo nocTpoenve Komnmekca mpambix 6-H cTenenu LZ, 
MlOpOKAaemoro = TeTPar\paIbHbIM KBapaTHYHbIM KOMMIeKCOM 2, HM NOWy- 
YeHbI HEKOTOPbIe CBOHCTBa STOrO KOMMIeKCa. Kak u3BecTHo ('), KomMnueKec LS 
iH€ paCCMaTPHBaJICA B JIMTepaType, H NOTOMY YHCTO CHHTeTHYeCKOe MOcTpoeHHe, 
a Tak>Ke CBOUCTBA e€FO, BbITeKaIOULHe H3 STOO NOCTPOeCHHA, MpeACTaBAIOT HH- 
Tepec: 

Ja Terpas{pasbHOoro KBaypaTH4HOrO KOMMeKCa LX? MMeIOT MECTO CyIeLyt0- 
miHe Be TeOpeMb!: 

Teopema 1. Konycot komnaexca X* c eepiuunamu Ha npsmoll, npoxodas- 
qyetl uepe3 OOHY U3 2AABHOLX MOUeK KOMNAeKCA, NepeceKa‘om npomuGonolo+xt HY10 
ell 2NABHY!O NAOCKOCMb KOMNAeKCa No OdHOIL U molt oe KpUusoll 2-20 nNopsAOKA. 

Teopema2. Konycot Komnaexca %? ¢C 6epluUHAMU 6 MOUKAX, NeHCALUX 
Ha nAocKocmu, npoxodsjell “epe3 OOHY U3 2AAGHbIX Mo4eK KOMNAeKCA, nepeces 
KQaIOm NpomMuUsONOAOHCHY10 eu e2NAGHYIO NAOCKOCMb KOMNAeKCA NO KPUBsoLM 2-20 
nops0Ka, npurnadrencayum OOHOMY NnyYKY. 

Ona H3 Oa3HCHbIX TOUeK STOO MyuKa HE ABJIACTCA PaBHOH TOUKOH KOM- 
muekca L?. Byem cuntaTb STY TOUKY COOTBETCTBYIOWLeH WIA WaHHOM MJIOCKOCTH. 

PaccMOTpuM MpOv3BO/IbHYy!O MpAMyto g mpoctpauctBa. Ilycrb X — npou3- 
BObHaA TOUKA 3TOK Mpamon. Jlyun kKoMnueKca L?, mpoxosaune yepe3 TouKy X, 
o6pa3yroT KoHyc 2-ro nopsyKa X?. Uepe3 npamyto g kK KoHycy X® MOKHO IIpo- 
BeCTH JBC KACATeJIbHbIe NJIOCKOCTH « M B. 

X?Qa=l; X?08=m; lum—ayun Komnuexca L?. JIyun Komnuexca L?, 
JlesKallve B MOCKOCTH «, OrMOaloT KpuBylo 2-ro nopsayKa «?; yun KOMMVIeKCa 
‘D?, mexkauive B MockoctH 8, oruOaioT KpuByio 2-ro nopagka B®. Jlyy L Ka- 
caeica «2 B TOUKe X Cg; yy m Kacaetca B® Take B TOUKe X. Ilycth X;— 
pBropad TOUKAa MepeceyeHHA KpHBOH «%* c npsamMoH g; X»—BTOpad TouKa mepe- 
ceyeHaa KpuBoi B? c npamoi g. Torga npousBoibHoh tTouke X npsmoli g 
CooTBeTCTByIOT Be TOUKH X, HU Xp». Ito cooTBetcTBHe ABJAeTCA [2,2]-3HaYHbIM 
MHBOJIOWUMOUHBIM COOTBeTCTBHeM X <>(X,, Xo). 

TlocrapuM mepeg co6oH culezyroulyio sagauy: 

3ayaua. Usyuntb MHoxectBo L npaMbix g mpocTpaHcTBa TaKUX,YTO Ha Kak On 
M3 HUX cooTBeTCTBHe X <> (X,, Xz) OSpailaetca B cooTBeTcTBHe X <> (X,= X2). 

IlycTs npamast g npHHaqiexuT MHoxectBy L, Torga Kako Touke X C g 
COOTBETCTBYeT CMHCTBeHHad TOUKa X,== X_g, NpMnagexkallant g, TakaA, IO 
xouycpl X2 u X} KoMMvleKca %? MMeIOT JBe OOUIMe KaCaTe/IbHbIe MOCKOCTH. 

Jlanee, Onupasch Ha Teopemb! | vu 2, MOX*KHO CheMaTb CMeAYIOULHA BbIBOT: 
BCe NPAMbIe, MPOXOAAULHe Yepe3s TOUKY MepeceyeHuA g C PaBHOM MOCKOCTbIO Y 
KoMMulekca =? vw mexKaulHe B MJIOCKOCTH, OOpa30BaHHOM g C MPOTHBONONOX- 
Holi y raaBnoi TouxoH A Komnaekca >, OyzyT npunaqiexatb &. [lyctb 
KOHYCbI KOMMIeKca &? C BepluHHaMH Ha MpAMOHM g MepeceKaioT rlaBHylO MJIOC- 
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KOCTb Y MO KPHBbIM 2-ro MOpAyKa, NpHHaexkallHM NydKy |K?|. Torga Ha 
MWIOCKOCTH CyleCcTByIoT oot map MpAMbIX (KaxKad Takada Napa MO/yyaerca 
OT MepeceyeHUA C MVIOCKOCTbIO Y ABYX OOWMX KaCAaTEJIbHbIX NVIOCKOCTeH K KaxK~ 


oli nape Konycop X?u Xj), CX OMALMX H3 TOUKH O== g()yY, TAKUX, YTO Kaka 
mapa Kacaerca AByX KpHBbIx myuKa | K*|. OOpaTHoe Toxe OyfeT BepHO, T. e. 
ecIH H3 TOUKH O MOXHO MpoBecTH co! Map MpAMbIX TaKHX, YTO Kaman Mapa 
KacaeTcad ABYX KPuBbIX Myy4Ka |K?|, TO CyueCTByeT MyYOK MPAMBIX g C IeHT- 
pom B TouKe O, mpHHadviexkalluli MHOKeCTBY &, NPHYeM MVIOCKOCTb 9TOrO NyyKa 
6yqeT mpoxofquTh yepes Touxy A. 

CraBuTca culeqyroulad saaua: 

3anaua 1. Jjana npou3sBombHaa TouKa O Ha MuocKocTu y. OnpesemuTh: 
YNCJIO MIOCKOCTeH H3 My4Ka C HOCHTeNem OA TaKUX, 4TO IIPAMbIe, MpPOXOAAWMe 
yepe3 TouKy O H JexKaulMe B HUX, MpHHayweKarT 2. 

Ilyaxy mockocteli c HocuTenem AO cooTBercTByeT Ha IIJIOCKOCTH Y KpHBad 
2-ro nopsyka K*, mpoxofauland yuepes TouKy O HW vlaBHble TOUKH KOMIJIeKCa 
X?, JlexKallive Ha MVIOCKOCTH y. 

Tenepb 3afauy 1 moxKHO cBeCcTH K CJeqyromlel: 

3amaua 2, Ha xpusonw 2-ro nopayka K? onpeseHTb 4MCIO TOUeK,. 
COOTBETCTBYION[HE KOTOPbIM TIJIOCKOCTH OO/aaloT TEM CBOHCTBOM, 4TO IIpAMBIe,. 
Nlexkaulve B HAX HM Mpoxosauwe yvepe3 TOUKY O, NpHHayiexaT MHOKECTBY &. 

Ha ocHoBaHuu CKa3aHHOrO BpllUe 3afauy 2 MOXKHO CBeCTH K CJleqyroulen: 

3amaua 38. Ha xpuson 2-ro nopsqka K* onpexenuTb 4uCcO TaKHX TO- 
yek Y, 4TO Kaxkladt H3 HHX BMeCTe C TlaBHbIMH TOUKAMH KOMMleKCa ?, Jle- 
*KallMMU Ha MWIOCKOCTH Y, ONpeesIHT MyYOK KPHBbIX 2-ro nopsyKa |Y2|, 0o6- 
JlaaroulwH TeM CBOHCTBOM, uTO cyllecTByeT cot map MpPAMbIX, WCXOAAMIMX. 
u3 TOUeK O, TaKHX, UTO Kaxkad Napa KacaeTca ABYX KPUBbIxX MyyKa |Y?|. 

IIpexge vem nepeHTH kK pelieHHIO NOCTaBJIeHHOrTO BOMpoca, OCTAaHOBUMCA 
Ha peuieHHH CJlefqyiouleH 3aqaun: 

Samaua. JlaH nyyoK KpuHBbIx 2-ro nopslKa CBOWMH Oa3HCHbIMM TOU- 
Kamu. Halirw reomerpnyueckoe mecTo Touek X, OOMaaIOUHX CeMYIOUIUM CBOH- 
CTBOM: H3 TOUKH X MOMKHO MpoBecTH co 1 Nap MPAMBIX, KaxK jad U3 KOTOPbIX Kaca- 
eTCH JBYX KPHBbIX JaHHOrO nyuKa. 

Ms3BecTHa Teopema: ecIH CeKyulad MepeceKaeT KOHMYeCKOe ceyeHHe B JBYX 
Toukax Au Ay, jlBe kacaTeIbHble K TOMY Ke KOHHYeECKOMY CeYeHHIO B TOUKAX. 
B wu Bi u Xoply NpuKOCHOBeHHA STHX KaCaTebHbIX B TOUKe C, TO C — yBolinaa 
TOUKA HHBOJIOWWH,  OMpeeeHHOM MapaMH COOTBeTCTBeHHBIX TOYeK A, Ay 
u B, B,. Onupascb Ha STY Teopemy, HaxXOHM, YTO HCKOMbIM reoMeTpHYeCKUM 
MECTOM TOYeK X ABJIAIOTCA THAFOHAJIbHbIC MPAMbIe MOJIHOFO YeTbIPeXyroubuukKa, 
OOpa3s0BaHHOrO Oa3HCHbIMH TOUKAaMM JaHHOrO myukKa. 

Vicnomb3yaA NomyueHHbI pe3ybTaT pH pellleHHu 3aqauu 3, HaXOJMM, 4TO 
Ha KPHBOH 2-ro nopaqKa K® cyuecTByIOT TpH TOUKH, YAOB/eTBOPAIOUMe YCOBUIO: 
S9TOH 3aaun. 

Tenepb MOX%KHO CKa3aTb, YTO CYLIeCTBYIOT TPH MIOCKOCTH M3 My4Ka C HOCH- 
tenem OA, rae O — mpousBOIbHad TOUKA MIOCKOCTH y, YyOBsIeTBOPAIOULHX 
ycoBuio 3agaun 1. IlocneqHee roBopuT Oo TOM, 4YTO MHOXecTBO L ABIAeTCA 
KOMIWI€KCOM. 

Ha npousBonbuok mpaAmol m mmocKocTH y cyulecTByIoT Tpu ToUKH D, Dy, 
Dz, oOaatoulve TeM CBOHCTBOM, YTO IIPAMbIe, MPOXOAAWHe yepe3 HHX H wleKa- 
we B mlockocTu | ma|, mpuHalexKaT Kommsekcy ¥. 

IIpu Bpamenun npamol m oKouI0 npousBombHOH TOUKH OC y TouKu D, Dy, 
D, OMMcbIBaloT KpuBble 2-ro MOpAyKa, MpoXosauwe yepes TouKy O u raaBHBe 
TOUKH KOmMeKca L*, slevKallWve Ha MIOCKOCTH y. 

M3 cka3annHoro Bbille ClexyeT, YTO yy KOMMIeKca S, npoxomaume wepe3 
MPOH3BOJIbHyIO TOUKY MpOcTpaHcTBa, OOpasyioT TpH KOHyca 2-ro nopsyKa, 
MpOxofAMHe Yepas TyaBHbIe TOUKH KOMMNeKca L?. TakumM OOpa3s0M, KOMMJIeKC 
X ABJIAeTCA KOMMIeKCOM 6-ro nopsyKa. 


Ilo onpegenenuto Iltypma creneub KommueKkca paBua ero nopsayKy, cuieqo- 
BaTeJIbHO, KOMIVIeKC 4 e€CTb KOMMuIeKc 6-H creneHu LS. 
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Ha oOcHOBaHHH W3JI0Ox%KeHHOTO NOmyyaeM cCwlefyiollNe CBOLCTBa KOM- 
nviekca L®: 

1. B kommuexc 4° Bxogat myuu 4 cBa30K u 4 noweli, O6pasoBaHHbIXx Bep- 
IMHaMH HM MJIOCKOCTAMH TvlaBHOrO TeTpas—{pa kOmmveKca L?. 

2. Ilycrb A wu Y —raaBHad TOUKA M MpOTHBONOOKHAaA elf riaBHaa ms0c- 
KOCTb KOMIVIekCa 47. B kajol mocKocTH cBA3KH {A} slexKaT TpH mMy4Ka 
yiyyeH Kommiekca L°, BepLIHHbI KOTOPbIX JlexKaT Ha JIMHHMM Mepeceyenua pac- 
CMaTPHBaeMOH [JIOCKOCTH C MVJIOCKOCTbIO >. 

3. Uepes Mpov3BOJIbHy!0 TOUKY MIOCKOCTH Y MPOXOAAT TPu MIOCKOCTH CBa3- 
KH {A}, B KOTOpbIX J@KaT MyYKM Jy4yeH KomMueKkca L° c WeHTpaMH B JaH- 
HOH Touke. JlyyM Komnuiekca L®, mpoxolaujHe yepe3 MPOH3BObHYIO TOUKY 
IIpocTpauctTsBa, OOpasyioT KoHyc 6-ro mMopxAAKa, pacmaarollHiica Ha TpH KOHY- 
ca 2-ro NOpsAyKa, MpOxofAuMe yYepe3 BePUIMHbI rMaBHOrO TeTpasqpa KOMrUe- 
KCa’ 27, 

4, Konycpt kommsekca L° c BepliMHaMH Ha MpaAMOM, MpoxoAameH uepes 
Touky A, mepecekaioT MOCKOCTb Y MO TpeM KpuBbIM 2-ro nopsaKa, mpHHaswe- 
*KallMM OJHOMY NyyKy. 


MockosckHi aBHalMOHHbIlt MHCTUTYT Ilocrynuno 
uM. Cepro OpKoHuKua3e 8 IV 1957 


HWHMTHPOBAHHAA JIMTEPATYPA 


1 Encyclopadieder mathematischen Wissenschaften, 3, H. 7, Leipzig, 1920, S. 1084—1166. 
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Jlonrxaynyp Aranemuu nayxk CCCP 
1958. Tom 122, Ne 2 


MATEMATHKA 


A. B. MOFOPEJIOB 


O PETYISPHOCTH EbINYKJIbIX MOBEPXHOCTEM C PETYJISPHOUM 
METPHKOHM B MPOCTPAHCTBAX NOCTOSHHOHM KPHBHM3HbI 


(I1pedcmacaeno axademuxom B. H. Cmupucesim 380,1V 1958) 


IlycTb B mpocTpaHcTBe MOcTOAHHOM KpHBH3HbI K WMeeM BBIMyKJIyIO NMOBepx- 
Hoctb F (oOactb Ha rpaHHue BbiInyKJoro tea). ByemM ropopuTb, YTO MeTpuKa 
NopepxHocTH peryuasapna (k pas AuhbdpepeHuupyema, aHaduTuHye- 
CK as), CCJIM Ha NOBEPXHOCTH MOXKeT ObITb BBEAeHa KOOPAMHAaTHaA CeTb (W) TaK, 
YTO KOSPPHUHeHTHI Ei ee siMHeliHoro aulemeHta ds? = g;j;du! du! (ik pi; 2) 
ABMAIOTCA PeryJAPHbIMH (COOTBeETCTBeHHO k pa3 udPpepeHuUMpyeMbIMH, aHaJIMTH- 
yeCKHMH) CPyHKUMAMH MepeMeHHbIX U?. 

BpejlemM B mpocTpaHcTBe aHaJIMTHYeCKyIO KOOPAMHAaTHy!0 CeTb (UV); STO O3Ha- 
waeT, YTO KoapuuneHTbI g,, JIMHEHHOTO 3JIeMeHTa NMDOCTpancTBAa ds*= g,,dv‘dol 


aHauTuyeckve (byHkuun v!, v?, v3. IlpH sTOM mpocTpaHCTBeHHble KOOpMHaTHl 
v! TOUKM MOBEPpXHOCTH G6yAyT onpeeseHHbIMH (YHKIMAMH e€e€ BHYTPeHHHX KOOp- 
AunaT wis ou! = 0 (u4,"u"). 

Hactoaulan 3amMeTKa MocBAuleHa cyleqyrollemMy Bompocy. B Kako cTeneHu 
BHYTPeHHAA PeryJAPHOCTh MOBePXHOCTH (peryJIsApHOCTb g,, (uw, u*)) BreueT 3a 
co6oH peryuapnocTb ee BHelwHeH (opMbI (peryJIApHocTb (pyHKuHH v! (u4, u?))? 
OTOT BOMpOc BO3HHKaeT B CBA3H C MPHMCHEHHEM CHHTeTHYeCKHX MeTOOB TeO- 
PHM BbINYKJIbIX MOBepxHocTeH (1) K pa3JIMYHbIM 3aayaM U3rHOaHHA peryJApHbIXx 
TIOBEPXHOCTeH B MpocTpaHcTBaX MOCTOAHHOH KpHBusubl. B curyuae SBKMOBa 
mpoctpanctsa (K =(Q) Bonpoc Obl pewieH B paOote aBtopa (7). I]pumensemprit 
TaM MeTOX B MpHHIHne MOxXeT ObITb HCNOJIb30OBaH HM B OOWeM culyyae (K #0). 
OKOHUAaTEJIbHBIN = pe3yJIbTaT, KOTOPbIM MpH STOM MOJTyYyaeTCA, COCTOUT B Cule- 
TyrouleH Teopeme, 

Teopema. Ecau mempuka 6oinyKaoui noeepxHocmu @ npocmpaxcmee 
nocmoAKHol KpUusu3HeL k pas Oudqdepenuupyema (k>4), eayccoea KpueusHa 
NOsePXHOCMU NOANOICUMECAHA U OoOAbULE KPUGU3HoL Npocmpancmea, mo nosbepx- 
Hocmb no Kpatinett mepe k —1 pas dudrpepenyupyema. Ecau mempuxka noeepx- 
HOCMU ANAAUMUUECKAN, MO noBepxXHOCMo AHAAUMUYECKAA. 


Vnpimu ciopamu, ecu Koadduuneutel g;; (ul, u®) WMHeMHOTO SmemMeHTa MO- 
BepxHOCcTH k pa3 udppepenuupyembl (k>4), TayccoBa KPHBH3Ha, BbIparkKeH- 
Had yepe3 g;; HW UX MPOWSBOLHbIe, MOOXKUTeMbHa UM OO KPHBH3HbI Mpo- 
CTpaHCTBa, TO MpOCTPaHCTBeHHble KOOPAMHATbI TOUKM MOBepxHocTH v! (u1, u?) 
Kak yHKUMH KOOpAuHAaT u', u® Ha MOBepXHOCTH sABJAIOTCA Rk —1 pas pud- 
qepenuupyembimu. Ecau xe cbyHKUMH g;; aHaIMTHYeCKHe, TO dyHKHH 
vi (ul, wu?) TakxKe aHaJIMTMuecKnHe. 

TpeOosanne, 4ToOnl rayccoBa KPHBH3Ha MOBepXHOCTH Oba He MpocTo boub- 
We KPHBH3HbI MpOCTPaHCTBa, HO HM MOMOMKUTeIbHAa, B CAyYae MpocrpanctTBa 
OTPHUaTeIbHOH KPHBH3HbI (mpoctpaucTBa JloOayepcKoro) KaKeTCaA HeecTecT- 
BeHHbIM. K corKaJleHHI0, TOJIbKO MPH STOM YC/IOBHM yAaeTCA NOJYUMTb arpHop- 
Hbl€ OUCHKH AJA HOPMAJIbHbIX KPHBH3H NOBeEPXHOCTH, K KOTOPbIM MpHXOANTCA 
oOpalaTbCA B ABYX CYUCCTBEHHBIX MYHKTAX MOKAa3aTeNbCTBa TeopeMbl. 

186 


ITpuBeyem onncanue OCHOBHEIX 9TAaMOB NOKasaTenbcTBa. Jina onpeyqeneHHocTH 
‘OyNeM CUMTaTh KPHBHSHY mpocTpancTBa oTpuuarenbHO. Uto Kacaerca met- 
PHKH NMOBEPXHOCTH, TO AIA MpocToTb! OyemM CuHTaTb ee aHaUTHUeCKOH. 

Ilycrb X, —npou3BombHad TOUKa NOBepXHOCTH, B OKpeCTHOCTH KOTOPOH 
TpeOyeTcH yCTaHOBHTb aHaNMTHYHOCT MoBepxHoctu. Orpexem oT moBepxHo- 
‘CTH MJIOCKOCTbIO MaJICHbKYIO WanouKy w, COfepxKallyio TouKy X,. Kpai wa- 


NOYKM Y aNPOKCHMHPY€M BHYTPeHHE AaHaJIMTHYeCKOH KPMBOM Y C MOMO*KUTeMb- 
HOH TreOMeSHYeCKOH KPHBU3HOM. OGOo3Ha4uHM 6 O6AaCTb Ha NOBepXHOCTH, Orpa- 
-HHYCHHYIO ~KPHBOL 7. 

JloxasaTebCTBO TeOPeMbI_CBOMMTCA K JOKA3ATeMbCTBY CEMYIOULMX Tpex 
“YTBep KeCHHH: 

1. CymecrByer aHamuTHyecKad wanouKa, H30MeTpHUHad oo. 

2. CymecrByeT aHamHTHUcCKad WIano¥Ka, H3OMeTPHUHAaA ©. 

3. Ianouka, M30MeTpHyHad ©, paBHa o. 

JlokasatebcTBO nepBoro yTBepxAKAeHHA AHaJIHTHUeCKH CBOAMTCA K OKa3a- 
TEJIbCTBY CYUL€ECTBOBAHHA PeLeHHA JIA ypaBHeHHA H3rMOaHHA, KOTOPOe, KaK 
MB Cily4ae SBKJIHAOBa MPOCTPaHCTBa, MPH COOTBETCTBYIOULeM BbIGope CHCTeMBI 
KOOPJMHAT B MpOCTpaHCTBe mpeactaBsAeT COOoH ypaBHeHue Monxxa— Amnepa 
aumuntwyecKkoro Tuna. B KayecTBe TakOH CHCTeMbI KOOPAMHaT YOOHO B3ATb 
moJlyreowesuyeckyio CHCTeMY, MPHHAB 3a KOOPAHHATHbIe MOBEPXHOCTH z = 
= const noBepXxHOCTH, SBKHAMCTAHTHbIe MMOCKOCTH OCHOBaHHUA WanouKH. TIpu 
‘9TOM, e€CJIH Ha NOBePXHOCTH TakxKe BBeCTH MOMyreosesuyeckue KOOPAMHATHI 
u, VU, TO ypaBHeHHe M3rHOaHHsA B Clyuae MpocTpaHcTBa c KpHBUu3HOH K =— 
MIPHHHMaeT BH 


(i= th 2: (Veo) (t= th 2 (C* — 97) cc .p aay 


— (s+ thz-pq—— gy = E+) (e—ep*— 9"), 


u 
c 
THe p, g, r, s, t —Mmpou3BoAHbIe Z NO uw U VU; c? — KoapPpuHeHT B MHHeEHHOM 
aJleMeHTe moBepxnocTu ds? = du?+ c?dv?, a k —rayccoBa KPHBH3Ha. 

Jlia pa3peummmocTtu KpaeBow 3aa4un STOO ypaBHeHHA, coracHo oOmeh 
‘teopeme C. H. Bepuurteliva, JocraTouHO yMeTb alpHOpH yCTaHOBHTb OMeHKH 
WIA mpesnomaraemoro peuleHHA MH eFO MPOH3BOHBIX NePBbIX ABYX MOPAAKOB. 
Take OMCHKH JelCTBUTebHO MOXKHO MOJYYHTb HeOObWIOH MOLMuKalHeH 
MIPHeMOB, HCNOb3yemMbIX B paoote (?). ; ; 

Jloka3aTeIbCTBO BTOpOrO YTBepxKTeCHHA B CYLWLECTBEHHOM YaCTH ONMpaeTca 
Ha BO3MOXKHOCTb YKa3aTb OWCHKH HOPMAaJIbHOH KPHBH3HbI WanOuKH, CyulecT- 
BOBaHHe KOTOPOH yTBepxkaeTca B 1.1, B 3aBHCHMOCTH TOJIbKO OT BeJIHUHH, 
ONpPeAeIAeCMbIX BHYTPeHHeH MeTPHKOH IWanoOuKH HW PaCCTOAHHEM TOUKH OT ee 
OCHOBaHHA. STH OLEHKH MOMyUaIOTCA OOBINHbIM PaCCMOTPeHHeM BCNOMOrAaTeuIb- 
HOH (cbyHKuMH xz (*), Tre x —HOPMaJIbHad KPHBH3Ha, a Z — paccTOAHHe 
‘TOUKH OT OCHOBaHHA WanouKH. 

Uro KacaeTca Tperbero yTBepxKAeHHA, TO efO MOKA3aTEIbCTBO MOKHO M0- 
€TPOHTb Ha COOOpaxKeHHAX, MNMOMOOHBIX TeM, KOTOPbI€ MPHMeHSJINCh B pa- 
6ote (*) Ana wanoyek B 9BKAMAOBOM NpoctpaucTBe. MmenHO TakuM MyTeM 
PaBeHCTBO H3OMeTPHYHBIX Wanouek B mpoctpaHctTBe JloOayeBcKoro oKa3saHO 
VW. A. Tanenuyem (*). 


XapbKoBckul rocylapcTBeHHblt YHHBePCHTeT Tloctynuto 
um. A. M. ToppKoro 28 IV 1958 


IMTHPOBAHHAS JIMTEPATYPA 


1A. JI. Anekcaud pos. BHYyTpeHHSA TCOMETPHA BBIMYKIbIX nopepxHocrel, 1948. 
2A.B.Tloropeaos, Msrnu6anne BbilyKJblX NMOBepXHOcTeH, 1951. Ne AK h Oe 
pesos, Tp. Marem. nuct. um. B. A. Crexaopa AH CCCP, 29 (1949). 4U. HW. Maneany, 
JIAH, 115, Ne 2 (1957). om 


Toxrnann AragqeMun nayrk CCCP 
1958. Tom 122, Ne 2 


MATEMATHKA 
Ynen-Koppecnonzent AH CCCP A. H. THXOHOB u A. A, CAMAPCKHM 


O MPEJCTABJIEHHH JIMHEMHbIX ®YHKUMOHAJIOB B KJIACCE 
PA3PbIBHbIX ®YHKUWHMH 


Kak M3BecTHO, BCAKMM JIMHeliHbI cbyHKuMoHan A [f], ompemeseHHbIH B KsIacce 
Cy HempepbIBHbIX (pyHKUMH, 3aaHHbIX B HHTepBasie (a, 0), mpeAcTaBuserca 
C MOMOLIbIO HHTerpaia CrusibTbeca 


Ati) =\i ()de(x), 


rye a(x) —cbyHKUMA C orpaHwueHHOH BapvalMeli (Teopema Pucca). Ms3pecrHo 
TakxKe, YTO 3TOT (PPYHKUMOHAT MOXKeT ObITb MpOMOJWKeH Ha KMacc Qy KyCOUHO- 
HenpepbIBHbIX (PyHKUHH. OgHako 3To MposouKeHHe HEOJHO3HAYHO. 

Llemb HacTOALeH CTaTbH — aTb MpesACTaBJeHHe JVJIX MpOM3BOJIbHOrO JIMHel- 
Horo (pyHKUMOHaJIa, OMpeszeeHHorO B Qo. 

§ 1. Paccmorpum siMHeHbI cbyHKuuoHat A[f], ompenenaemblit ycsoBuaMU 


1) Alf, + fel = Affi] + A [feds 
2) |ALf]|<M sup|f| 

B Kylacce Qo(f/) KYCOUHO-HenpepbIBHBIX (PyHKUMH, 3aaHHbIxX B MHTepBasie (a, b). 
PaccMOTpuM KYyCOUHO-HenpepbIBHble (PyHKWHH 


n()={ rIpu Lappin 
Oo pH ae <0; 


1 npn x=; 
Oe 'Tipn x ae 
H O603HauMM 


a(t) =Alng(x)], 0) = Alm (x)]. 


B uactuoctu, « (6) = A[l], Tak Kak n, (x) = 1. 

B jaubuetiem OyyeT moKa3aHo, uTo dyHkuMu a(&) uw o(€), KoToppie 
Mbl Ha30BeM XAPAKTEPHCTHYECKUMA, OAHO3HAYHO OMpesenAOT MHelHDI 
(PYHKUMOHAT Ha Qo. 

§ 2. Jlemma 1. Cywwecmeyem ne 6onee cuemnozo 4ucaa mouek ©, bs, . 

-10j,..., @ KOMopulx o(&)=0, npuuem 


DieGi<mM 
j=1 


Bynem Ha3bIBaTb JIMHeMHbIA cbyHKuMonal A[f] =f (0) >o(0), rae axct<b, 
npocTeHmumM TOYeCUHBIM pyHKWMOHaATOM ToUKH ¢ 

JImHeHHbIH PyHKUMOHa, mpeqcTaBuMbIt B Bue CyMMbI mpocTelilimx ToueU- 
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HBIX (YHKUMOHA JOB: 
Alfl= Dek) (Bieil<mM), 
j=1 j=1 


OyNeM Ha3bIBaTb TOUCUHIM PYHKWHOHA ATOM. 
_ Jiwueitupii dynKuvouan A[f] Oyyem a 3biBaTb peryJApHbIM, ecan 
3 (6) = Alm (x)] =0 npu mo6om a<§<ob. 

§ 3. Tlokaxem, uro Beakuli smuefnpii dynKunonan A[f] moxer OpiTp 
mpeAcTaBieH B BAe CYMMbI perysApHOrO M TOYeYHOrO JIMHeHHbIX cbyHKIO- 
HaJloB. 

PaccmoTpuM ToueuHbI (byHkunonas A* [f], paBHbrii 


A’ [f] = yo (6) FG), 
=] 
rye 


a6) =Alme (Ml, De C)|<M 
j=1 
JInnetHblit dyHKWMoOHad 
Aff]=Alfl— Ath, 


KaK HeTpyHO 3aMeTHTb, ABJIAeCTCA peryJIApHbIM WM uMeeT Hopmy M < 2M. 
Ortciola UM CulelyeT BO3MOXKHOCTS NpescTaByeHuaA 


Aff] = Alfl+ Affi. 
Xapaktepuctuyeckand yHkuna za A*[f] paBna 
a (2) =A In, ()] = Dd) o i), 
cy<6 


a XapakTepucTuyeckand PyHKUMA MA A[f] maerca cbopmy 10H 
a (2) = Alm, (x)] = a (6) — a" (8). 


§ 4. JlIemma 2. @ynkyua a(&) umeem oepanuuennyto eapuayuro. 
Besakasd (pyHKUHA OrpaHHueHHO BapHalMH B KaxKNOH Touke uMeeT npaBoe 
H JleBoe TpeyesIbHbIe 3HAUeHHA: 


On (é) =a(E+0), on (6) =a%(6—0). 


Jlemma 3. Cywecmeyem He Gonee cuemHozo HWCAA MO4EK by, bo,...56;.., 


6 KOMOPOIX oq (E) = & (Es) UA & (E2) KF On (&). 
CiemyeT OTMeTHTb, 4TO &(€) ABJIAeTCH TakxKe *yHkUMeH ¢ orpanMueHHoN 


Bapualnen. 
§ 5. PaccmoTpuM (byHKWHOHaJ 
Alf] = AIA — DX fa) fen) —@ GN — DB fa(&) [@G) — as Gd) 
e; <& i xt 
wu ero XapakTepucTH4ecKky10 (pyHKIMIO 
a (E) = A [ng (*)] = Hn (@)— D) len (6) — aa (8)]- (1) 
Er <é 
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Sra cbopMysia WMeeT MecTO KaK B TOM cCuJlyuae, Korya §—TOUKAa pa3spbIBa: 
cbyukuun «(€), Tak M B Clyyae, Korfja § eCTb TOUKa HeMPepbIBHOCTH HU oq (§) = 
== « (5). Ngee = ES 

JlemmMa 4. ®ynxyua «(é) nenpepolena npua<t<bu o (6) = A[me(x)]= 
te 

OrmeTuM, uTO a. (2) uMeeT orpanuyeHHyio Bapuannio M< 2M. 

JIemma 5. Ecau 0aA HeKxomopoeo peeyaapHoeo PyHKyUuoHana A[f] xapax- 


mepucmuueckan pynkyun «(é) Henpepolena, mo 6 KAacce Qo(f) umeem mecmo- 
npedcmaerenue 


Att] =\ i @)da(x. 


a 


B camMom yee, pa306bem uHTepBan (a, 6) “Ha YacTH TOUKaMH xX = X;,. 
BKIO"ad BCe TOUKH pa3pbiBa (pyHKWMH f(x), H BO3bMeM cTyNeHYaTy!O (yHK- 
ILHIO 


f(*) = fa (Xena), | Xp <I Hp 


Pasnoctb f (x) —f (x) MoxkKHO MpencTaBuTb B BHZe 
F(x) F(x) = 2 (x) + > Lf (2-1) — fn (%2-2)] Bx;_} (*); 


rye © (x) — KycouHO-HempepbiBHad (pyHKUMA, mpuyeMm |¢(x)|<C¢) pH ocTaTouHO: 
rycToH cetu. Orcioga culeqyet, uTo 


|Alf (I — AF @)I|< Mey (6 (x,) = 0) 
WJIU 


| ALF) = Sy Fn (ea) [a (#2) — 0 (22a) | < Meo. 


Tlepexona K mpegeny mph Ax = x; —x;_,—0, nonyyaem 
— —_ a b a 
Alf] = lim Dia (e1) [2 (82) —0 (x1a)] =VF (2) d(x). 


a 


V3 mocrpoenua «(x) BUHO, UTO 9Ta CPYHKUMA ABJIAeTCA HeNpepbIBHOH YacTHIO- 
(pyHKUMH « (x). 

§ 6. Takum o6pa30M, HMeeT MecTO 

Teopema 1. Bcakuti aunetinoiti gyxkyuonan Aff], onpedearecHuoiit 
6 KAacce Qy(f) Kycouno-nenpepolenolx pyNKyull f (x), 3A0QHHoIX HA UNMepeare 
(a, b), moocem Ooimb npedcmaeren 6 Bude 


Af] =\F («da (x) + 
fe > {fa (&) [%n (3) = a (&:)]++ ie (&) [« (&:) aa On y+ » a (6;) i (oy), (2): 


i=1 J—1 
2de a (&) = a (&) — > o(0;); «() u o(§)—xapaxmepucmuueckue dynkyuu 
Gi<& 
dbyxkyuonana A[f]; «(&)— Kenpepoenan wacmo dynkyuu a(&), eoluucanemas: 
no dopmyae (1) 
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OrmetTuM, 4TO Wid HempeppiBHoh dbynKuuu 
b 


Alf] =\ F(x) da (x) + Df) [ea Gs) — 0), 


T. €. peryJiApHEId cyHkiyvoHan A[f] nmomHocteio ompeyennetca xapaktepuctu- 
weckoH (byHkuHel «(é) B TOUKaX ee HeMmpepbiBHocTH. 
§ 7. Jinnetinsmt dyHKuuonas 


PLA = Dio &) + ofa) + ofa) re a + 0% + o® = 0, 
j=1 


OyeM HasbiBaTb HY Ib-*byHKWHOHA TOM. 


B kaacce Cy(f) Hysb-pyHKUMOHan Bcerga papen uysio. Ecuu I =DPp— 
peryJApHbIM (yHKUMOHa, TO ol) = 0, ol) = ert u 


co 


Peli] = >) © Ufa &) —fa (Ep). 
j=1 

Teopema 2. Pasnocmb deyx aunetinoix @yHKYyUoHance, coenadarolMUx Ha 
Co(f), aeanemca na Qo(f) Hy Ab-yNKuUoNaaronm. 

§ 8. JIunetupii bynkunonas A |f) Oyzem HasbiBaTh HEOTPHMATeAbHBIM 
(10 10 KHTeAbHbIM), ecm A[f] >O npn f >O (A[f] >0 npu f >e>0). 

Teopema 3. Jaa neompuyamenonocmu (noaoscumenonHocmu) auHetiHoeo 
@ynKyuonana A[f] neo6xodumo u Oocmamouno, 4MOObl BLINOANAAUC YCACBUAS 

1) xapakmepucmuyeckan gbynkyua «(2) peeyaaproti uacmu A[f] gynk- 
yuonana A[f] seasemca neyOviearwweli pynKkyuet; 

2) xapakmepucmuueckue Koadmuyuenmet o (6;) Heompuyameronel: o (C;) > 0: 
(1), 2) w 3) « (6) = Alt] >0). 

§ 9. Hasopem JIMHeHHbIe peryaApHble cbyHkuvMoHamp! A[f] u B[f], onpe- 
qejeHHble Ha Q,(f), B3AHMHO CHMMe€TPHUHbIMH, eC BbIMOJIHeHO yc- 


JIOBHe 
Bif (*)] = Alf(—)] 


qua mobo dynkuun f(x) € Qo, 3aqaHHol B MHTepBaue (a, 0). 
Teopema 4. Ycaroeua 


a(b)= 6(6), b=—a, B(s) +a(—§) =a (6) =8 (6) 


HeOOXOOUMbL U Oocmamo4Hol OAA e3saumHO cummempuu A[f] u B[f]. 

§ 10. Jlna HekoTOpbIxX NpHsioxKeHHH Tpe6yeTcA MpescTaBJIeHHe JIMHeHHBIX: 
(byHKUMOHaIOB Ha Qm(f) (m>0), rae Qn — kKulacc PyHKUMH, KyCOUHO-HeNpe- 
PbIBHBIX B (a, 6) BMeCTe CO CBOHMMH MpPOHSBOLHbIMH JO m-ro NOpAyKa BKJIOUK- 
TesibHO. [locKoupkKy xapakTepuicTuyeckue (pyHKuww «(¢) = A[7,(x)] uw o(é) = 
= A[re(x)] cbyHkunonana A|f] onpexenstoTCaA np NOMOULH (pyHKUMA, BXOLALLAX 


B Knacc Qm,, To qua A[f], ompemenenHoro Ha Q,, (f/f), HMeeT MecCTO MpescTaB- 
JieHne (2). 


Hertpyauo y6equTbcaA B TOM, YTO JIMHeHHBIM CyHKUMOHAaJ A, 3alaHHbI Ha 
Qm, MOKeT GObITb OMHOSHAYHO MposOWKeH WM Ha OoJlee WHpOKUH Kslacc (pyHK- 
Mii, HanpHMep Ha Kslacc dbyHKunl Kz ,,, (f),_ YAOBseTBOpAIOMIAX Cue LYIOUL HM 
ycnopuam: 1) f(x) —orpaHwyenHan, u3sMepuman Ha (a,b) dyHkuus, 2) f (x) 
MMeeT mpaBoe H JeBoe NMpesesibHble 3HayeHHA ff, HM fy BO BCeX TOUKAX paspbiBa 
(pyHKUHH « (x). 


Iloctynusio 
20 VI 1958 
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Jloxnann Akagemun nayk CCCP 
1958. Tom 122, Ne 2 


THIPOMEXAHHKA 


H. H. KOUHHA uw H. C. MEJIBHHKOBA 


O HEYCTAHOBHBUIEMCSA JABYOKEHHH FA3A, BbITECHSEMOrO 
NOPLUHEM, C YYUETOM NPOTHBOJABJIEHWA 


(ITpedcmaéeaeno akademuxom JI. H. Cedoeeim 11 IV 1958) 


PaccmaTpvBaeTcaA 3aaua O TOYCYHOM B3pbIBe B NOKOAIMeHcA cpeye C yyeTOM 
BbITeCHCHHA BO3KyXa MposyKTamu B3pbiBa. I]peqmouaraetca, uTo BMKeHHe 
Ta3OBbIX Macc MOJeMpyeTca paclIMpeHveM NOpIuHA NO HEKOTOpPOMy 3aKOHy. 

Sayaua O pacllMpeHHH MOpuIHA C MOCTOAHHOH CKOpOcTbIO OblJia pelleHa 
JI. Wi. Cenospm (1, 7) u JI. Tettnopom (°). Saqaya o pacuiMpeHHH NopwiHa nO 

m+1 
cTeneHHOMy 3aKOHY 7, = 75 
JieHus Oblia paccmotpeua H. JI. KpauienunHnKkoson (4), a B 1955 r. Aa wWupo- 
Koro AMana3z0Ha 4MCesI m— aBTOpaMM JaHHOH CTaTbH. 

CuntaeM, YTO HavaJIbHOe JaBsIeHve P, OTJHYHO OT HYJIA, a Ta3OBble MaCCbl 
UBMXKYTCA KaK NOPWieHb MO 3aKOHy 


Ley (m—1) { YpirA, \? qy-2m 
eee Dh eee A? iy 


JIA TpeX 3HaveHHl m Oe3 yueTa NpOTHBOLaB- 


re C WM m—nOcToAHAbIe; py —HauyaJIbHad MJIOTHOCTb; h, — Oespa3MepHblii 
paguye nopuwinHaA (A, =1,/r,); A—Oe3spa3mMepHad KOHCTaHTa, onpeesinemMaa U3 
pacueta. PaccmaTpHBaemaad 3ayaua He OyfeT aABTOMOJeJbHOH, Tak Kak cpedH 
ONPeHeJIAIOULMX TNapaMeTpoB /, ¢, Py, 0; HU C TPH HWMelOT He3aBHCHMble pa3Mep- 
HOCTH. 

Bpeyem cucTemy Oe3pa3MepHbIx MepeMeHHbIX: 


f = 0/02; R=p/p2; P=p/pe, K=r/te} 
m+1 1 (2) 


an: Pr 4 : if 01 ) 2m ™m 
q 01 (ars/dt)*’ sap ( Pi " r| : 
Vngexc 2 ornocnutca K BenM4MHaM 3a (PpOoHTOM yAapHOli BOMHEI. 
Peulenvie 3aaun O MOpLIHe, ABUXYILeMCsA C HEKOTOPOl CKOPOCTbIO, CBOLUTCA 
K Haxonkenuio dbyHKuw f(A, g), R(A, g) wu P(A, g) B HeKOTOpoH OG6acTH 
MJIOCKOCTH h, g (npuyem Og <1). Sru cbywkunn yyoBeTBopsoT ucbdepeH- 


HHaIbHBIM YPaBHeHHAM OJHOMepHOTO HeYCTaHOBMBUeroca BMKeHHA Ta3a 
(cm. (*), cTp. 257), a TakoxKe KpaeBbIM H HayaJbHbIM yCJIOBHSM: 


(1, g)=R(1 9) =P(1,g)=1; FQ, 0) = fo; 
R(X, 0) = Ro (A); P(A, 0) = Por), (3) 


rae fo(d), Ro(h) a Po (k)—coorsercrsyiomue yHKUMM Jia aBTOMOsesbHOFO 
ABWKCHHS, HAHTCHHbIC HM W3YYeHHbIe Mp PaCCMOTPeHHH 3aqauH O Nope 6e3 
yueTa MpoTHBosaBeHus. 

: B Touxax nopwua cbyxkuna f(A, q) paBHa oTHOUIeHHIo CKOpOCTH MOplwHA 
Uv K CKOPOCTH YaCTHIL 3a yapHO BOUIHOL Vo. 
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Tlono%xuM 


FO.) =O Fi Metict Rev) =Raj4 R Oo +. .:: 
PQ, Q =PoQ+PWqt..3: $= (In Ayq + Ag) +... (4) 


2m a ce 
(=a: Ap (meet) yh, js 
rye A w h,— KOHCTAaHTHI, BXoJaMe B ypaBHeHue (1). 
PaccmaTpuBad JIMHeapusMpoBaHHylo 3ayqayy, T. e. mpeneOperan B ypaBHe- 
HMAX M paHHUHBIX YCJIOBMAX WeHaMM NopsyKa g? M Bblllle, NOyYHM AWA 
oynkunit fi (A), Ri(), Pi(Qd) w moctosHHo# A caenyiomyto cucTemy JIHHeli- 


HbIX Ju@PepeHHaJbHbIX ypaBHeHHii (a (ose QA) — n): 


; ee me of. V1 v 
aRof, + 5 + (Sy +) Ref + (aif, 8) 45 


rile 


+ GEN) pp—|[y (1+ 4) 4 4 | foRo = 0; 


2y (y + 1) vet 
2 , , 2 v— , 
vai Roly + aR + 5 (GRO +R ht 
(5) 
2 —1 , , V1 
+ [=a (Gate t fo) +n] Ri —2R) — 74 Ry =O; 


a, (RoP — yPoRs) + 75 (RoPo— yPoRb) fa — YeaRo Py + 
+ [a,Po—% (y #1) Pol Ri — 25 (RoPo — yPoRs) + 


APA Gres i" at 
+n "apqn +A) Poe = 0 
(IUTpUXH OOO3HayaIOT NpPOH3BOHbIe 10 A). 

Kpaesble ycClOBHA Ha YapHOM BOJIHe Cc ydeTOM COOTHOWeHMH (4) H yeuIOBHH 
Ha yJapHOH BOJIHE WIA ABTOMO/eJIbHBIX yHKWHH fyo(1)= Ro(1)=Po(1)=1 


WarorT 
fi (1) = Ri (1) = P, (1) = 0. (6) 


Cuntai, YTO CKOpOCcTb NOpwHA onpefemaetca cbopmywow (1), B cHuly cooT- 
HoUleHuH (2) — (4) HalijeM ycJloBHe Ha Nopuine 


hy (A,) = fo (A,)- (7) 


Yepes h, o603HaveHa Oespa3MepHad KOOpAMNaTa MOPLIHA; B AMHeapH3sMpoBaHHod 
Zajlaue h, paBHa OespasMepHOH KOOPAMHaTe NOPUIHA, NOJYYeHHOH MpH pewlenuH 
ARTOMOJeJIbHOM 3amauu o nopuine (°,°). Sadaua CBOMMTCH K peleHHIO CHCTeMBI 
RudbepenunabHbIX ypaBHeHH (5) B MHTepBayIe h,<CA<C1 ¢ PrpaHwuHbimMu yc- 
Jiopusmu (6) u (7). Yeuosuio (7) Ha MOPLUIHe MO>%KHO yOBJIeETBOPHTb BbIOOPOM 
noctosHHol A, oT KOTOpoi 3aBucuT peweHve. Tak Kak nocTosHHad A BXO,MT 
TOJIbKO B CBOOOJHBIE WIeHbI! ypaBHeHHM, H NPHTOM JIMHeHHO, PeHIeHHe CHCTeMbI 


(5) MOXKHO MCKaTb B BAe 
fy = fa + Afis Ri = Rut AR; Py = Py + AP is. (8) 


Togcrasaaa (8) B (5), nomyuum gaa yuKuuit fyz, Ry, Paz (i = 1, 2) ape 
CUCTeMbI JucpbepeHUMaJIbHbIX ypaBHeHHH: 


asRofe + ep Pur + (ty + 3b) Rafe + (auto + 8) Rus + bus = 05 
DR r , 2 y—1 , 4 
epithe aku +aaq( Re + Ro ) fx —- 
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+| g (fo + fo) + rs] Rie + bes = 03 


i Gi me! 
, , 2, ’ , 
ay (RoPu: — yPoR) = sag (RoPo — Poko) fur 
— ya,Ry Py: + [a,Po — 1 (¥ + 1) Pol Ru + ba: = 95 (9) 
ie Be Qf ss 
Ay? — (y — 1)? ZF, oo 
b3,= aera 1 PoRo— 225 (RoPo— YPoRo); 


by. = + foRo; bee =0; bg = yPoRo- 


V3 rpaHugHbix ycopul (6), yuuTpiBad, uro A=40, nomy4uHM rpaHHuHble 
ycuoBua pa cdyHKunl fyz, Ruz, Py: 


fre (1)j= Rar (1) = Pac (1) = 0. (10) 

OtTMeTHM, 4TO JIMHeapH3HpOBaHHble ypaBHeHHaA JBMKeHHA (5) HMeIOT HHTe- 

rpaJil, aHaJIOorHuHbli HalijenHomy A. Caxypau (*) u B. II. Kopo6etHuKossm (°) 
B 3aJlaue O CHJIbHOM B3pbIBe: 


2y4 fi Vy oa Ea #4 
(Faan centres et ee oe 


Xr t , 
Bi FeO + Pa) tn Ot alar Ba 


Petllenve cvcTeM JIMHeHHBIX JuepeHitMaIbHbIX ypaBHeHuit nepBoro nopszKa 
(9) c rpaHwunpimn ycuiopuamu (10) nomyyeHo Hamu ya cryuaes m= —O0,4 u 
m=—0,5(v=3, y=1,4) uncneHHbIM nHTerpupoBaHvem. B6um3u nopwns 
(A =,) Aaa pacueTa MpuxoAUTCH NO/Jb3OBaTbCA ACHMNTOTHYeECKUMH (POpMyIaMH. 
-Bpeyem o603Ha4ueHua: 


AperiisiaA SAK 3: ¥ J ‘1 2m ‘ 
a a o= Im + vy (m+)? OF EERE 
cu 2) w¥ vik 492 earns (Yitby _ 2m(m +1). 
r rea ea Died. ke Mice ak serena 
ke =H Pm +1). p(y + ty + ¥@By—AN AL 
a (PEA) aD. Mee Ae EY To ky? aie aE 

Nee nae 1) «a, D 
Bag = — i = EP ity = by; (AD) 
vy 1)? BORA 4 — 1) 22D © 

Gao HOLS Shonk, wtciapute eye Utica) cake 

a es eR) 2 (y —1) (m 4-1) a’ Hoe 
TR ese grape a AO air ene Repanth reenns 


— 2(y—1) (m+ 1) a°bC 
(y+ 1)°2D 
Pia Gee ud aloe re! 
7 woe 

Cou Ds HEKOTOPBI€ KOHCTAHTbI, U3BECTHbIe U3 pacueTa aBTOMOJeJbHOH 3ayaun. 


Hs ypasnenuii (9) nonyaum acumnTormueckue dopmy.bI i 
Ry (u) uw Py: (u): opmy w1bI Avia cbynKunH fy; (uw) 


Re >; Ngy=[v(m+ 1) —2mja—1; 


Nag = 0; 


> 


ty fiz (4) = Cys + Coe + (Raz + Cor) u + 
4 


[71 (Cy; $5 C,;) si: 147] f RgMs Rs —— 7 Ms nN 
+ Riese (ty Bete 
— Cay ee [my (Cy, + C,;) + yz} _p_ 
eet ees % 
1 
a yb [ = (— R,Cyz + msCoz) + my (Raz + Caer) u-? + (12) 


[ny (Cy; + C,;) Ss ny; | |- Mog — + Ng) Ae ny (Re _ Rtg) u-20: 


(yo — 1) 6(y—1) T—b 
1g fey em eS mo ma [ma (Cyp + Cos) + My] 
1 (u) ks + (ing + Rs Cur) Ly a oe u->; 


Cyi, Co; “ C3; —TocTosHuble, BXOLAIMe B aCHMNTOTHUeCKHe (bopmystbr (12). 


é é | 
0847 G87 0900 Q925 0950 Q915 10 


Puce. 1 Pue. 2 


Ilocme toro Kak cbynKumn f(A), Riz (A) w Py (A) Halifenbl, 43 ypaBHeHnsa 
(7) u“ nMepporo u3 ypaBHeHuit (8) onpemesnerca mocTtosHHan A: 


A = [fo (4,) —thi Q,)]/Fa2 A)» (13) 


Ha puc. 1—3 mpesctapseno pacnpe- — ;225 
WeseHve CKOPOCTH, MJIOTHOCTH HM aBJIeHuA 
B BO3Ryxe 3a yapHol BoHOM. CnvioWHbIe = 4a 
KpHBbIe OTBEUaIOT 3HaveHHIO m= — 0,5, 
MYHKTHpHbIe 3HaveHHIO mm =—O,4. Kpuppie, 4.97 
COOTBeETCTBYyIOlHe g =O, OTHOCATCH K aB- 
TOMOJeJIbHOH 3a Jaye. 

Oi1mMeTuM, TO aBTOpaMH pellieHa aHa- 
JIOTHYHaA 3ayaya WA caydad vy =ct™,a 
Take 3alauaO HeyCTaHOBHBILAXCA JBYKe- 
HUAX BOJbI, BbISBaHHbIX paciumpenuem nopul- ° "gear 7675 “7900 4926 0960 0918 10 
HA C MOCIOAHHOH CKOpOCTBIO. 

B 3aksloueHHe BbIpaxkaemM OvJlaroyap- 
HocTb JI. MW. Ceyopy 3a pa WeHHbIX yKasaHui. 


Puce. 3 


Tloctynuso 
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Jloxnans Akagemuu nayx CCCP 
1958. Tom 122, Ni 2 


TEOPH A YITPYTOCTH 
M. HW. BOPOBAY 


MOrPEWIHOCTb MPAMbIX METOJOB B HEJIMHEMHOM TEOPHM 
OBOJIOUEK 


(IIpedcmaeaeno axademuxom B. H. Cmupxosoim 12 V 1958) 


B (1) npwBegeva TeopeMa cylecTBOBaHHA pellleHHH Ja CHCTeMbI 


Blog [(Bu). + (Av)e] |, + 7A { a5 [(Au)e — (Bo)al}, + 


+ Rap ABu = fi (0; (1) 


A{ gp l(Ao)e + (Bu)al} + ZB {ig l(B0)« — (Au)al}, + 
{—v 


+ Rp, ABO = fa {wh (2) 
Viw = fs {u, U, 0}; (3) 
Ulrgo=VUlro = 9; (4) 

j dw 
Ww = a 0, 5 


ONMCHIBAIOMLeH MpH HeKOTOPbIX YcOBMAX OombuIHe ectbopmMallHH oO6o0UKH. 
B (1) —(5) u,v, w— nepemelienHa TOUeK CpeqHHHOH NMOBepXHocTH O6oROUKH; 
A, B — koapunnevxTs! nepBoh dopMbl cpesqMHHOH MoRepXHocTH. 

Jina mpHOiMmKeHHoro pelleHuA KpaeBoH sayqauH (1)—(5) mpaMble MeTODBI 
MpHMensuorca mH60 B opme II. ®. Ilankosuya, 60 B popme X. M. Myuirapu. 

Paccmorpum BHayae Metog II. ®. Tlankopyua. Tycra u, v BbIpaxkeHbl 43 
(1) — (2) 4epe3s w, BeegcTPHe Yero (3) CTaHOBHTCH ypaBHeHHeM OTHOCHTEJIb- 
HO w. YpaBHeHHe (3) MOXKHO 3aMCHHTb ypaBHeHHeM w—Gw=0O0, roe G— 
HEKOTOPbIH BNOJIHe HeMpepbIBHbIH OllepaTop, Welicrey!ouluH B MpoctpaucTBe H,o 
(PyHKUMH W, YHOBMeTBOpAIOWIHX ycIOBHAM (5), H HOpMa B KOTOpOM onpejevser- 


cH SHepruelt u3sruOa OOos04eK. Byyem ucKaTb NpvOuMKeHHOe pellleHve saqa4uu 
Wn B BUe 


Wn = S\ AnrXn(P); {Gan = \ fs {@n} xn (P) AB da dp, i(6) 
h=1 Q | 
rye yr (P) — opronopmuposannplt 6asvc B Ajo. 


MeIOT MeCTO CJleqytoulHe (akTbI, OOOCHOBHIBaIONIMe MpHMeHeHve MeToRa 
I]. ®. Tankopyya B anno 3anaue: 


Teopema l. /Tycmo: 
1) Cpeduanaa nogepxnocmb o6onouxu & Oaemca ypaenenuem r = r («, 8), 
ede %, 8 usMeNsIOMCA 6B Oe2panuXeHNoti naocKoll obaacmu Q 


2) r umeem 6 Q nenpepolenvie emopole npouséeodnoele. 
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3) Tpaxuya Q Tp moocem 6oime pas6buma na KoHneunoe uucaod Oy2, Ha 
Kancdoll us KOMOpPbIX KacCaMeAbHAA MeHAEMCA HENpepvleHo. 

4) Breutnie:citan X,Y,Z6L,5, p>1. 

B amom cayuae: 

OJ (w 

S n) == 0, c0ee) =< 
Qnk 

QYHKYUOHAA NOAHOU aHepetill cucmembl OOOACUKA — BHEWWHUe CUAL. 

2) Cucmema (6 umeem Oeticmeumenbnole pewenua npu Kaxdom n> 1. 

3) Bce mxoscecmeo npubauscenutt {Wn}, n= 1,2,..., CuAobHO KOMnaKm- 
HO 6 Hyo. 

4) Bcakan cnabo cxodsuanca @ Hy nocaedosameabHocmb u3 {Wp} Cxo- 
OUMEA CUABHO U ecaKuli CUAbHOIL NPedeA nocaedoeamenbHocmet Us {Wp} ecmb 
pewenue ypaenenunA w—Gw=O0. 

5) I1ycmb w° — cmpoeutt omuxocumearbnoitt munumym (maKkcumym) * gynK- 
yuonaana J uau pewexue ypasnenun wW—Jw = 0, umeruee Henyaceot uHOeKc (3). 
B amom cayuae w° ecmb npedenonan 6 Hig mouwka mHoocecmea npub«auoice- 
Hui {Wy}. 

B HeKOTOpbIX CJIY"aAX OKA3bIBACTCA BO3MOXKHbIM OMCHHTb ObICTPOTY CXOH- 
MOCTH MOCJIelOBaTeJIbHOCTeH H3 {W,}.. OTH OUeHKH OMMpaloTca Ha ompeyevieH- 
Hble JaHHble O CTenmeHH YviaqKOCTH pelleHHH Halle 3aqaun, KOTOpble aeT 
Culefyroulaa Teopema. 

Teopema 2**. [Tycmo éolnonnenot ycaceua 1), 4) meopemo 1. B amom 
caywae 6CAKOe peweHue ypasHenun w— Gw = 0 obaadaem credyrouumu céeoti- 
cméeamu: 

1) Ecau LEH (4,m,0); To € J, (By, 0), mo 


1) Cucmema ypaenexuti (6) coenadaem ec cucmemoti 


H(1, Bs, ="), p> 2 H (3, Bs, °=*), p>2; 
u,v€ w (7) 
Ws po2; Wee p<2. 
2—p 2—p 


2) Ecaus> © Hk -\- 4,.97,0): Vo Jap (Bi, i); XY, 2 CHE Bo hes m0 
TAO ESB), Waal (a heb) Re 
u,v e| we| 


(8) 
Hi (22k Bel ==), w= 1: H(A tek, By, 1s), haeP 


B (7), (8) ¢>>0—ckoao yeoono maaoe uucao; B;,i = 1,...,7,—- HeKomopwle 
nocmosnnole. 
IIpeqno02%kHM Telepb, YTO Yr ONpeesAOTCH COOTHOIMeHHeM 
Xn (%, B) = 9? («, B) Ile (%, B)» . (9) 


rae 9 («, 8) = 0— ypapoenve Tp, a Ip (%,8)—nomMHOM OTHOCHTeNbHO 4, B. 
B 9TOM cjlyyae, Ha OCHOBe TeopeMbl 2 H HeKOTOPbIX pesyJbTaTOB u3 (°, *), 
MoxKeT ObITh CPopMyIMpoBaHa: 

Teopema 3./Tycmb evinoanenot ycaoeusn 1), 4) meopemb 1. ITycme, Oazee, 
BE H (4 + 2, m, 0); To Gary (Bi, 0); X.Y,2 © (2, Bo, ); 96 HR +-4,Bs,1); 


grad¢ |ro 0; k> 0. 


* Kputuyeckyio TouKy w° dynKmvonana J OyqeM HasbiIBaTh CT POTUM OTHOCHTEC Jb- 
HBIM MHHHMYMOM (M€KCHMYMOM), CCJIM MOKHO yKasaTb B HQ TaKOH SaMKHYTHIL 


0 
map c WeHTpoM B w°, B KOTOPOM Obl HMeJIO MeCTO CcTporoe HepaBeHCTBO J(w) > J (w®) 


(J (w) < J (w®)). 


** Kyaccel pynkunh H(k,m,A) Mu Ksaccbl MoBepxHocreli JJ, (m,A) BBeACHbI B @). 
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Ecau Wp, onpedeastomca nocpedcemeom (6), Xn nocpedcmeom (9), a w°— 
Heocoboe pewenue (°), MO U3 {Wp} MOICHO BbLOpamo nocaedosamenoHocmeb npu- 


6auocenuti maKkyto, “mo 


ae TE 


igesgtabitnncs 

| — wa lists < <j rt! i (10) 
| 
( 


oe , K=l ue>0 cKonb y2eodHO macro. 


n 


PaccMoTpHM Tellepb MeTOR X. M. Mymrapu. J[aa sToro BBeyqeM mpocTpaH- 


cTBO Hg BeEKTOP-CyHKUHH wo (ea), YAOBJIETBOPAIONLAX TPaHHUHbIM YCOBHAM (4), 
HOpMa B KOTOPOM oOMpefleineTcA NMOTeHWHaJIbHOM 2Heprueki pactspKeHHA 060- 


moukH (1, ”), Kpome TOrO, BBEJeEM IIpOCTpaHCTBO sq BeKTOP- -PyHKUAH © (tl, UV, W) 


TaKHX, YTO w' (U,V) E Heo, WE Ayo, nosOxUB ||o ll?to = I) oo" IIoq + || @ \lF40° 
MoxHo noKa3aTb, 4uTO cucTema (1) —(5) cBogquTca K oOMepaTOpHOMy ypaBHe- 


—~ > 
HHIO © = Cw, rae C — BnosHe HempepbiBHbId onepaTop B Ho. 
ByjeM WCKaTb mpHOmHxKeHHOe pelleHHe HauleH 3afa4uH B Bue 


Wn = >) Annyn (P); On (tas Un)= Dy Cardh (Pr, dr), (11) 
k=] Real 


PAC Xk Pr, Pe OOPasyloT OPTOHOPpMHpoBaHHbI 6a3uc B Hgq. TlocToAHHBIe App, 
Cnk HaWeM U3 CHCTeMbI 


oJ 
Oanp 


oJ 
OC 


re pa ee, (12) 


Vimetot Mecto cateqyioulve akTbI, OGOCHOBBIBaIONIHe MpHMeHeHve MeToya 
X. M. Myurrapu. 

Teopema 4. [Tycmo eoinoanenot ycaceun 1)—4) meopemot 1. B amom 
cayuae: 

1) Cucmema (12) umeem Oeticmeumearonole pewenua npu Kaxcdom n>. 


> 
2) Bce munooiecmé6o {on (Un; Un, Wn)} npubaurcenutl cCuAbHO KOMNAKM- 
HO 6 Hg. 


3) Beakasn caabo cxodsuyanca 6 Hs nocaedogame AbHocine u3 {Gn (Uns Un; Wn)} 
cxooumca CUABHO U ecaKutl npedea aAeCMeHMOE U3 (Gn (Un; Un) Wn)} Oaem pewe- 
Hue ypaeHenun OretGG. 

4) ITycme me (u°, v°, w°) ecmb cmpoeuti omHocumenbnout MUKUMYM (maKCcU- 
MyM) dynkyuonaaa J 6 H3Q UaAU pewenue ypasHerua en Com O c HeHyneeolm 
uHndeKcom (?). B amom cayuae « ecmo npederoHaa 6 H3q mouka mHodcecmea 


{@p (Un, Un, Wn)}. 

IlpeynooxHM, Jalee, 4TO Op, Da, Xk BSATHI B BUZC Op = Olly, br = Glan; 
Xx = lly, roe Wz, i=1,2,3,—nonunomp. B strom cayyae oKa3biBaeTcH 
cnpaBeJIMBoH: 

Teopema 5. ITycme umerom mecmo Ycaogus meopeMmol 3, a ©? (u°, v°, w)— 


Heocobo0e pewexue (°). B amom cayuae u3 {n (Un, Un) Wn)} MOICHO Bol6pame 
nocaedogamenbxocms makyto, 4mo 
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I|0° — 65 Isao | 


(13) 
sae) k= 1 uw 20 ckoao yeodxo mano. 


n § 


AHanOrHuHble pesyJIbTaTbI MOXKHO C(POpMyMpoBaTb UW Tora, Kora MpAMbIe 
MeTObI NPHMeHAIOTCA K CHCTeMe ypaBHeHHH c dyHkKuMeH HanpaxKeHui. [Ipu 


STOM MOJly¥aroT OOOCHOBaHHe BHOH3MeHeHHA MeTONa, MpesioxwKenupre [I]. . Ilan- 
KxosBHyuem 4H B. 3. Buaracosbim. 


Poctoscknii-Ha-Jlony rocyapcTBeHHEli Tloctynuao 
yHHBepcHTeT 28 VI 1957 
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Teopua MorenuwHala H e€ MPHMeHeHHe K OCHOBHbIM 3aauaM MaTeMaTHYeCKO Mu3sHKH, 1953. 
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Jloxnzagn Akagemun nayx CCCP 
1958. Tom 122, Ne 2 


PH3HKA 


9. E. BAMHUITEMH, M. H. BPHJIb u H. B. CTAPbIM 


TOHKASA CTPYKTYPA PEHTTEHOBCKHX K-CNEKTPOB 
NOrJIOWMEHHS THTAHA B THTAHATAX 


(1Tpedcmaeaeno axademuxom A. II. Bunoepadoeoim 19 V 1958) 


B paoore (*) ucceqoBanacb TOHKad CTpyKTypa peHtreHoscKux K-cnekTpoB 
MCIlYCKaHHA THTaHa B psAye THTaHaToB Mg, Ca, Ba, Sr, Fe, Zn. B nactosuem 
COOOWICEHHH MPHBOLATCH pe3ybTaTb! u3y4yeHHA K-cneKTpOB MOrmoueHuA TH- 
TaHa B TeX Ke COe€HHeHMAX. 

CnekTpbl nowyualHcb C MOMOMbIO POKYCHPyr!oOuleroO PeHTTeHOBCKOrO Ty6yc- 
cnektporpada (7) C KpHcTamJIOM KBaplla, H30rHyTbIM 0 paguycy 2,5 M, B Tex 


X%Ke YCJIOBHAX, B KOTOPbIX paHee (*) Obl 

H3yYeHbI CNEKTPb!l MOFIOUWeHHA THTaHa B ero BaTi0; 
oxucyiax. Jia HaMstyuuero BHIABJICHHA JeTa- 

wleH TOHKOM CTPyKTYPbI Pa3JIM4HbIX YUaCTKOB 

Kpaad mormoujenus paOora npoBogusiacb c no- * 4 
TMIOTHTCIAMH pa3IM4HOH TOJIMLMHbI OT 3 Jo 

14 mr/cm?. Ha cnexTpax, moulyueHHbIX NpH 

MCMOJIbSOBaHHH TOHKHX MOPOTHTeseH, sMyy- 

me HW O€3 HCKaxKeHHH MpPOABJIAeTCA KOPOT- 

KOBOJIHOBad CTpyKTypa Kpav, 3aTO ocmaOuA- AAG 
€TCH HHTCHCHBHOCTb H HEeYCTKO BBIABJIACTCA 

CTpyKTypa JJHHHOBOJHOBOH Irpynnbl JMHHH 

TOPIOWUCHHA; HA CMeKTPax OT TOJICTbIX M0- 

ruioTuTeseli — HaoOopot. B u3BeCTHOM CMBIC- 

J@ ONTHMAaJIbHOK JIA M3Y4aBLUIHXCA 'HaMH g 
BEUECTB ABJIACTCAH MJIOTHOCTh MOrsOTHTeeH 

oxoio 5 mr/cm?. B sTOM MOxKHO yOeQHTbCA 

IPH pacCMOTPpeHHH CepHH KPHBbIX NMOrvouse- eg 


HHA, MPHBeeHHbIX Ia MpHMepa Hapnue. |. 
CnekTpbI morioueHua THTaHa B uccemoBaH- ==, sg 
HOM rpynne THTaHaTOB H pyTuse (TiO,), no- 4 7] 20 4) 3 
JIYYeHHbIe AIA KarxK oro U3 coeqMHeHHlt vied pce et eee er aia 
PeOTHOCT Tx MOFNOTHTEIA 4 MICM , CONG. Te ar anane a 
cTaBJIeHbI Ha puc. 2—4. PHA Mpv pasqMyHOH TommMHe mo- 
PaccmoTpeHve MOJIYYeHHbIX SKCNePHMeH- raotutens: 1 —3 mr/cm?, 2—5 
TAIbHBIX Pe€3YJIbTaTOB NO3BONAeT CemaTb “Mr/cm®, 3 — 8 mr/em®, 4 — 14 mr/en? 
CELYIOULHe 3aKJIIOUCHHS: 
1..PentreHoBcKHe CMeKTpbI MOTMOWLeHHA THTAHA B THTAHATaX XapakTepHsy- 
JOTCH YeTKOH u GOoraTol daykKTyaWNAMH TOHKOH CTPyKTypoH, Buy KOTOpOK 
M3MeHHAeTCH B 3aBHCHMOCTH OT THMa KPHCTasJIMYeCKOH CTPyKTYPbI, OcOOeH- 
HOcTeli XHMH4eCKOH CBA3H B COCAMHEHHH HM COCTOAHHA NOMAPHSaNNH ATOMOB TH- 
TaHa H Kucnopoga B Hem. Han6oree mpoctoh BU uMeeT Kpa NormouleHusA 
TuTana B ZnTiOs. JlnMHHOBOMHOBaA MoMOCa MOFOWLeHHA, BO3SHHKAarOWlaA 3a 
cyeT repexogoB Is-3eKTPOHOB MOrmomaioulero aTOMa Ha CBOOOHbIe ypOBHA 
B mpefenax 3d-nonocbl 9HEPrHA B STOM COeAMHEHHH MpeCTAaBIAeT co6oli CHH- 
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ryner. Paccrosue MexKLy MBYMA NepBbIMH MAKCHMYMaMM TOHKOM CTpyKTYpbl 
B mpelelaxX OCHOBHOTO Kpaad mormoujeHua TuTaHa B ZnTiOs paBHo 13 9B. 
2. B peHTreHOBCKHX CMeKTpaX MOPOWleHHA THTaHa B COC MHEHHAX, MMElO- 
WIHX KpHCTaMuecKy10 CTpyKTypy Tuna ubMeHuTa (FeTiOs, MgTiOs), d@opma 
JJIMHHOBOJIHOBOH MOsOCbI MOPIOULeHHA WM SHeEpreTHYeCKOe MOMOKeHHe ee MaK- 
CHMYMA€ OCTAIOTCA TaKMMH Ke, KaK MBCreKTpax ZnTiOs. OMHaKO TOHKAaA CTpyKTypa 
KOPOTKOBOJIHOBOH OO1aCTH Kpad MOroOWleHHaA wMeeT Oosee COXRHOe CTPOeHHe. 


# 2 
~—Le 
we, 
if 
(UB a ht SO Te (2 See ees PA ee See eee 
ZO 0000) LOGON 60.96 20 "] 20 40 0. 38 
Puc. 2. Pestrenospckue K-cnekTpbl Puc. 3. Pentrenosckue K-cnekTpbl mo- 
NMOPIOWeHHA TUTAHAa B PAE THTA- PIOUeHHA THTaHa B MeTaTHTaHaTe (/) H 
HaTOB CO CTpyKTYypoOH THIa MepoB- TeTpaTuTanate (2) OapHa 


CKUT Ahi Ogee ball@s: 


3 — CaTiOs 


TlonoxKenve OTJeIbHBIX (bIyKTYaWMH KosPPuUMeHTa MOPIOULeHHA B cilekTpax 
THTaHa B WIbMeHHTe HM THTaHaTe MArHHA He 3aBMCHT OT MpHpOAbI KaTHOHA UH 
B lpeyeaxX TOUHOCTH H3MepeHHA OMMHAKOBO Jia OOOMX COeqNHeEHHH. PaccTos- 


PB 4 


es 


Nv 


LOT & BUOTeg OMNI OS 


Puc. 4. Pentrenosckne K-cnekTpbl 

normouleHuaA THTaHa B COeqMHe- 

nHaAX FeTiOs (1); MgTiOs (2); 
ZnTiOs (3) 4 pytuae (4) 


Hue MexKAy ABYMA MepBbIMA M@KCHMYMaMH TOH- 
KOH CTpyKTYpbI B STOH OOacTH cnekTpa mpak- 
THYeECKH COBMaaeT C TeM, KOTOPOe HaGwI0ONaeT- 
ca B cnextpe Ti B ZnTiOs. 

3. B cmekTpax NOrJolleHHA THTaHa B pyTHIe 
HW CO@€MHEHHAX CO CTPyYKTYpOH THNa nepoBcKHTa 
Ha@wiofaetca [yOmeTHOe pacilemieHHe JJIMH- 
HOBOJIHOBOH mosocbl noriomeHua. IIpu stom 
SHeEprunA, OTBeyalollad MaKCHMyMYy HaHOovee 
JJIMHHOBOJIHOBOH JIMHHH MOroueHuA, COBMaa- 
eT C 9HeprHeH MaKCHMyMa HepaculenJieHHOH mo0- 
JIOCbI B CMeKTpaX THTaHa BO BcexX Jpyrux H3y- 
YeHHBIX B HacTOAUeH paOoTe coeMMHeEHHAX 3TO- 
TO 3JIeMeHTAa. 

CrpykTypa OCHOBHOTO kpaad MOrioujeHHn 
THTaHa B CO€IMHEHHAX THMa MepOBCKHTa MaJIO 
H3MCHAeCTCA B 3A4BHCHMOCTH OT NMpHpObl MH pa3- 
Mepa KaTHOHA H CHJIbHO 3aBHCHT OT YCOBUH m0- 
JIAPH3aWNH ATOMOB B UCCJIeyeMOM COeMHeHHH. 
Tak, HanOolee peskoe H3MeHEHHe KOPOTKOBOM- 
HOBOH CTPpyKTypbl Kpad HaOuloJaeTca mp ne- 
pexofe OT TeTpaTHTaHaTa K MOHOTHTaHaTY 6a- 
pua (pune. 3). OcoOble ycnoBuA noOApH3allun, B 
KOTOPbIX OKA3bIBalOTCA ATOMbI THTAHA B MOceN- 


HEM COe\MHEHHM, OObACHAIOUIHe, KaK U3BECTHO, ero (beHOMeHAaIbHbIe CerHeTO- 
SJIEKTPHYECKHE CBOMCTBa, MO-BHMMOMY, ABJIAIOTCH Tak>Ke MpHuHHOH pacuen- 
yleHua 4p- 4 Sp-nomoc SHeprHH B 9TOM COeMHEHMM Ha HeCKOMbKO ypoBHeli. 
Tak, BMecTO JBYX WIMpOKHX M@KCHMYMOB B CHeKTpe MOrmouleHua THTaHa B 
BaO-4TiO; B cnekTpe sToro snementa B BaTiO, nosBasiorca Be MHOroOgH- 
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Helivatble Tpynnbl MHH NOrOMeHHA c MpHOMM3sUTeMbHO NOcTOAHHBIM pac- 
CTOAHHCM Me@KJly KOMMOH€HTAMM B MpeseiaX KaxKQOrO U3 MYWJIbTUMIeTOB. 
Jl MaKCHMYyMOB, HaOMIOJaIOUHXCH Ha JVIMHHOBOHOBOH cTOpoHe Kpaa HW Co- 
“OTBETCTBYIONLMX, IO-BAAHMOMY, pacillemeHuio 4p-nomocbl SHEPrHu, 3TO pac- 
cTosHwe paBHo —4,3 9B. Jia annul, oOpa3yroujuxca B pesysbTaTe mepexoya 
Is-91€KTPOHOB B 5p-MOOCy OHO HeCKOuIbKO Sombie (~ 5 3B)*. 

Tlogoxenve WeHTPOB TAXKECTH CJIOXKHIX MO CTPOeHHIO MOvIOC NOrToMeHuA 
THTaHa B BaTiO; mpHO1M3HTebHO COOTBeTCTByeT MOMOXKECHHIO MAKCHMYMOB 
MNOPIOUeCHHA B CNe€KTpe THTaHa B TeTpaTHTaHaTe Oapua. PaccTosHue mexkLy 
STHMH MaKCHMyMaMH B CMeKTpaX NepexOHOrO MeTaula BO BCeX COeJHHEHHAX 
paccmaTpuBaemonH rpynnbr ~14—15 sp. 

4. Vi3no%KenHasd MHTepMperallua TOHKOM CTPyKTYPbI peHTTeHOBCKOrO cneKTpa 
NOIIOUEHHA THTAHA B THTaHAaTe OapuA CYLIECTBeHHO OTIM4UAeTCA OT MPeMIOKeH- 
HoK M. A. Baoxuupim (4), cunTasiiiuM, YTO NOABIeHHe JONOMHUTeMbHOFO Ma- 
KCHMYMAa Ha JVIMHHOBOJHOBOH CTOpoHe Kpad morsmouleHua TuTaHa B BaTiO3 
OObACHACTCA MIPHCYTCTBHeM B pellleTKe 9TOPO COEMHEHHA TPeCXBAJICHTHEIX HOHOB 
THTaHa (NOMHMO YeTHIPeXBaJIeHTHBIX). Heo6ocnuoBaHHocTb Takoro mpemouo- 
XKCHHA CTAHOBHTCA OYeBHAHOM, B YaCTHOCTH, H3 pacCMOTpeHHA TOHKOM cTpyk- 
TYPbI CNeKTpa NOrOWeHHA THTaHa B pyTuse (puc. 4, 4). 3ecb, TaK Ke KaK UH B 
BaTiO,, Ha JJIHHHOBOJIHOBOH CTOPOHe OCHOBHOrO KpaA MOPIOWeHAA MOXKHO 
OOHAPYKHTb NOABMEHHE JONOJHUTEbHbIX MAKCHMYMOB, OHAKO lpemnoox*Ke- 
HHe O CYLUIeCTBOBaHHH B 9TOM COCHHEHHH TPeXBaJICHTHBIX HOHOB THTaHa C 
XMMHYECKOH TOUKH 3peHHaA Hempvememo. 


WuctutyT reoxuMuu HW aHasIMTH4UeCKOH XHMHE Tloctynuao 
um. B. WU. BepxagcKkoro 15 V 1958 
Akajlemuu HaykK CCCP 


Onecckuii memarormueckKHli HMHCTHTYT 
um. K. JI. Yumuuckoro 


UWHMTHPOBAHHAA JIATEPATYPA 
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arena, UW. b. Crapuv, M. H.bpuas, JAH, 105, 943 (1955). 4M. A. Bao- 
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* QyauenHe NOCAeHHX BeJIHUHH ONmpeemaeTCA MeHee TOUHO. 


JIoxnagnm Akagwemun nayrk CCCP 
1958. Tom 122, Ne 2 


PH3HKA 


Usnen-Koppecnonyent AH CCCP C. B. BOHCOBCKHM u M. C. CBHPCKHM 


K BONMPOCY OB OTCYTCTBHKN CBEPXIIPOBOAMMOCTH 
B ®EPPOMATHETHKAX 


Kak u3pecTHo, y tbeppOMarHUTHBIX MeTaJIJIOB CBOHCTBO CBepxXMpOBOAMMOCTH 
JO HaCTOAMLerO BpeMeHH He OOHapyxeHo. B cBa3n c aTuM B. JI. Puns6yprom 
(1) 6bIIO OTMeYeCHO, YTO 9TO, BO3MOXHO, elle He CBUeTebCTByeT OO OTCYTCT- 
BUM y (eppOMarHeTHKOB CBEPXMpOBOAMMOCTH, KOTOPad, OHaKO, MpakTH4eCKK 
He MoxKeT ObITb OOHApyxkeHa B OOBINHBIX YCJIOBHAX U3-3a MaCKHpyloulero 
yleHCTBUA CHOHTaHHOM HaMarHHueHHOcTH. IIpH 3TOM, KOHe¥HO, He ObIJI pelleH 
BOMpoc O TOM, OO/lagqaeT JIM CHCTeMa BHeWIHHX 9JIEKTPOHOB (beppoMarHeTHKa 
CBOHCTBOM cBepxmpoBosumoctn. Tlostomy npezctaBsiseT HHTepec OOCYRHTb ITOT 
BONpoc C TOUKH 3peHHA HOBOH MHKpoTeopHu cBepxnpoBoguMocTH (74), MpHHH- 
Max BO BHHMaHHe OCcOOeHHOCTH SHepreTHYecKOorO CMeKTpa BHeIUHHX (Ss) 3JIeK- 
TPOHOB, YIUTHIBAeMbIe, HallpHMep, B (Ss — d)-oOMeHHOH MojleiH cbeppoMarHHTHBbIX 
MeTaJJI0B (°). 

Corsacuo (°) B cHury (S—d)-oOMeHHoro B3aHMOJeHCTBHA UMCJIO S-3JIeKTPO- 
HOB CO CIMMHOBOH mpoekuvel (—1/,) OKa3bIBaeTCA OTJIMUHbIM OT HX UHCJIA 
c mpoexuveH (+1/:), HM COOTBETCTBEHHO MMeIOTCH Tak»Ke pa3JIMUHbIe MaKCH- 
MaJIbHbI€ BOJIHOBbI€ BeKTOpb! ke (npH T = 0) Avid STHX 3JIEKTPOHOB C JeBOH U 
mpaBoH OpHeHTauMaAMH CcnHHOB. HerpyfHo noKa3aTb, 4TO 


1 ie es ‘l 
Re ( /2) Re (+ |) = Wkp (1+) + id — py Py lo, (1) 
re m—macca 9aIeKTpoHa; 2rk — nocrosHHaa IInauKa; ke — MaKCMMaJIbHbIit 
BOJIHOBOH BeKTOpP JIA HedeppoMarHHTHOTO MeTaJJa Cc TOH %«e KOHIeHTpallMelt 
ny(—*/2)—ng(+"/2): 
Ny(—"/2)-+Ng(+7/2) 
(re fa (s)— uucno d-3eKTpoHOB Cc OpHeHTalMeli cnuHa o = + 1/0, —1/5, Tak. 
n, (—*/2) — ny (+1/2) 
SHEA E a MC aINE (rae ns (c) — 4HCcuIO- 
S-9JIEKTPOHOB C OpHeHTalMe cnuHa c); Jo = 1] (k,k)—nurerpan (s — d)-o6me- 
Ha, KOTOpbI MpHOJIW>KeHHO CUHTAeM NOCTOAHHbIM, T. e. He 3aBucaMHM oT k (8), 
Ja onpegemenHocTH cyutaem Take I) > 0 M, CooTBeTcTBeHHO, corviacuo (1), 
MpeAnosaraem MpeoOJlaqanve y S-3/IeEKTPOHOB CHHHOB c JleBol opHeHTannelt. 
Takum o6pa30M, y (beppoMarHeTHKOB HMeIOTCA B HOPMAJIbHOM COCTOAHHHI 
npu T= 0 tp oOsactu B k-mpoctpancrse, B nepBok u3 KoTOpHIxX (k<kp(2/2) — 
oOsacTb I) umeroTcs paBHbie (mp ycsiopun /(k,k) =J)=const Koanuectsa 
CMMHOB [BYX BO3MOMKHBIX OpHeHTalH, BO BTOpoli (Rp (3/2)< k< kp (—}/o) — 
oOsacTb II) wMeloTcH TOJIbKO S.-3/IEKTPOHbI C JIeBOH OpHeHTalvel cnvHa H B 
Tpetbeh (k > kp (—*/,) — o6uactb II) umeorcA TombKO bIPKH. ITO o6cToA- 
TEJIbCTBO HE NOSBOJIAeT MPHMMCHHTb JWI BbIACHeHHA BOMpoca 0 BO3MO2KHOCTU 
CyULeCTBOBaHHA B (PeppOMarHETHKaX CBePXMPOBOAAMero COCTOAHUA, SHepreTH- 
YeCKH Oovee BbIPOAHOTO, UeM HOPMaJIbHOe, KAHOHHYeCKOe MpeoOpasoBaHve BULA (?) 


S-9JIEKTPOHOB, YTO HW y paccMaTpHBaemoro (peppomarHeTHKa; p = 


uTo y cbeppomarHeTHKOB pu ~ 1); p’ = - 


* 
Ako = UA). — UKAk —1,, Ky = UxA_y, 1), + Ux Ak, toss (2) 
uz + v2 = 1, (2) 
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B KOTOPOe PaBHOMpaBHO PXOAAT onepaTopbl, AeHcTByroulve Ha UuMCsIa 3anovHe- 
HHA YaCTHIL C Pa3JIMYHbIMM OPHeHTallMAMH cnMHOB *. JleHcTBHTeIbHO, TPHBHaJIb- 
HOe pellieHHe ypaBHeHHA KOMMeHCallMH 43 padoTp! (7) uMeeT BHA 


ts Te > ier: k> kp; 3 
n= {o. kR<hkp; ahi hy k<kr, (9) 


4TO COOTBETCTBYe€T HOPM@JIbHOMY COCTOAHHIO C SJIEKTPOHaMH JIBYX BO3MOKHbIX 
OPWeHTallH CnuHa MOA MoBepxHocTbhio Pepmu (k< ke) MU AbIpKaMH BHe 9TOH 
MNOBEPXHOCTH, B TO BpeMA KOra HETPUBHaJIbHOe PellleHHe COOTBETCTBYyeT CBepx- 
TIPOBOAALLeEMy COCTOAHHIO C Up,=40 nph kR<kp (mpoHuKHOBeHHe YaCTH AbIPOK 
MO MoBepxHocTblo Pepmu) u vz=—0 pH k>kp (moqbem uacTH 31eKTPOHOB 
Hal NoBepxHocTbio Mepmn). CorsacHoO Ke W3JIO%KeHHBIM BBbIIe COOOpaxKeHHAM 
B (beppoMarHeTHKax CJleyeT pa3JIM4aTb B HOPM@JIbHOM COCTOAHHH He Be, a 
Tp oOslacTu B k-npoctpaHcTBe HM COOTBeETCTBeHHO BMeCTO JIBYX BeJIMYHH Up, U 
Up BBECTH YeTbIPe BeIMYMHBI: Up(—1/2), Un(—/2), Ur (+2/2), Ur(+4/s), HOp- 
MaJIbHbI€ 3HAYCHHA KOTOPbIX OyAYT, OYEBHAHO, UMeTb CJIenyOMH BUT: 


wy fle > be (he); : = k > ke (—"/2): 
Up (— Jj) = fs k< kp (—*/s); Uk (oe fa)= 1% k< kp (—1/2); 
k> ke (a); a, [Oe > kr Cs); 
k <hr C2); on(al= fy B< kp 2/2). 


Ecam Tenepb samvcaTb mpeoOpasopanue (2) c yueToM pa3vIMuHA B pacmpe- 
JIeJICHMAX YAaCTHIL C pasJIMUHbIMH MpoeKIMAMM CMMHOB B BUJe 


ux (*/2) = fs 


Og = Up (1/2) Ax, gig (orale) Ossie Baars, 
M1 = Un (—*/2)A—1,—}, + On (4/2), 5), (5) 


TO JIA onpefeneHvua 4 HeHM3BeCTHbIX BesIMuHH ** noTpeOyeTca 4 ypaBHeHHs, 
OMHO U3 KOTOPbIX aeT COOTHOWeHHe KOMMeHCanHH. OctasbHble 3 ypaBHeHua 
MOXKHO HalTH 43 TpeOOBaHHA, YTOOb!] WIA Xo WH &y COXPAHWJIMCb TepecTaHo- 
BOUHbIC COOTHOIMeCHHA (bepMH-omepaTopoB HM uTOObI, KpomMe Toro, oMmepaTop 
Vico = ovo KOMMYTHPOBal Yq = Oke ey **# HerpyqHo, OHakO, BHeTb, 4TO 
mepeuwcJieHHbie TpeOoBaHHA COBMeCTHMbI Cc (4) uv (1) TOKO B HetbeppoMarHHTHOM 
enyuae, Korfa plo =O HM, CileqOBaTembHO, Rp (—1/2) = ke (1/2), OOnactb II or- 
cyTcTByer M (5) copnagaer c (2). [elicrBuTembHO, JerKo yOequTbcaA, 4TO AIA 
BBITIOJIHEHUA COOTHOMIEHHA **** [oejo%ro] , = Onn HeOOxoQHMa CJiefyrollad CBA3b 
Mex Ly Ur (/2) WH Ur (—*/s): 


wh (1/s) + 0k(—*/2) = 1, (6) 


* ; St, 
A JWIA BbINOMHEHHA COOTHOWEHHA [41%], = Onc HeOOXOLUMO, U4TOObI MeO 
MECTO: 


uz (—1/2) + 0% (4/2) = 1. (7) 


* 
Tlamee, Tak Kak [0% %xo], = 0, a [o1%Ko] FEO, TO WIA KOMMYTALMH Yeo HW Yq 
HEOOXOJUMO, YTOObI UMeJIO MeCTO [GK ;%xo], = 0. Orcioga culeyeT CooTHOLIeHHe 


Un (7/2) On 7/2) = Ur(—*/2) On(—*/2). (8) 


* OGosHayeHHa Te xe, TO B (°). 
** Mopmyvia (4) oMpeyemdeT UX 3HANCHHA TOJbKO JIA HOPMaJbHOrO COCIOAHHA. 
#** Tlocneqnee 1peOoBaHHe HeOOXOAHMO, Y10GbI YHCIa 3anOMHeHHA vj H yy MOF O2- 


HOBPeMCHHO HMCTb OMpefesecHHbIe 3HayeHHsA, YTO MoApasymepaetca, HaNpumep, pH sanlncn 
= | 
&BaKYYM@) 9JIEKTPOHHO-*POHOHHOM CHCTeMbI O¢3 B3aHMOJelcTBHA B BUC ¢, = A 8 (Yq) 8 Yq ) 
{cem. (?)). ; ; 
xe Qrech HB MadbHellimem [ab], = ab-+ ba u [ab]. = ab — ba. 
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Ho us (6), (7) u (8) calenyer 
On (4/2) = Un(—*/2), Un 7/2) = Ua(—*/2)s (9) 


yTo coBMecTHO c (1) u (4) TombKo mpH plo =O, Tak Kak Npu lo 0 vp (7/2) 
M Up, (—}/2) oTMMYaIOTCA [pyr OT Apyra B o6sactu II, rye, HanpHMep, B HOp- 
MA@JIbHOM COCTOAHHH Up (4/2) = 0, a Un(—*/2)= 1. To, To HamMuve B o6u1a- 
crv Il weBbIxX @IHHWYeK He COBMe€CTHMO Cc TpeOyeMbIM [ePpeCTAaHOBOYHLIM COOT- 
HOMeHHeM, BAAHO yxe u3 Toro, 4TO, corsacHo (4) H (5), B 3TOH OONACTH oy 
TIpOcTO paBHO HyJIO HM MOsTOMy He MOxeT YOBETBOPATh NepecTaHOBOUHbIM 
COOTHOINeHHAM JWI cbepMu-oneparopos. TakuM o6pa3s0M, B 9TOH OONacTH oT- 
cyTcTByeT «3aTpaBka» id TOTO, YTOObI VHAYWMpoBaHHoe COHOHAMH Me2K9JIeK- 
PpOHHOe B3aMMOJelicTBHe MOrJIO OOpasoBaTh COCTOAHHE C CyNepMO3HIMAMM TpaBbIX 
T3JICKTPOHOB UM JICBbIX JIBIPOK, 9HeprHa KOTOpOrO OblIa Obl HWKe, YeM B HOP- 
MaJIbHOM COCTOSHMK. 

C apyro# cropoubi, caMo Hayimune B OOsacTH II meBbIX eXMHHYeK [OJDKHO: 
MrpaTb OTPHUATeJIbHYIO POJIb IA YCIAHOBJIeHHA B CHCTeMe S-3JIEKTPOHOB CBOH- 
cTBa cBepxmpoBogumoctn. Tlaiuc (7) mbiraercd OObACHHTb 3TO TEM, 4YTO KyJIO- 
HOBCKOe OTTAJIKHBaHHe MOUTH yYpaBHOBelUMBaeT HHAYUMpOBanHoe (OHOHAaMN TIpH- 
TAKCHHE Me?KY 3JIeKTPpOHaMH C MpOTHMBOMOJIOXKHIMA MMMyJIbcaMM HW CNHHaMH 
M YTO NOSTOMY AOCTaTOUHO HeGoJIbIUOrO YMeHbIeHUA (MpH BOSHAKHOBeHHH 0O- 
gactu II) uucua BosmoxHBIx nmap (k,1/,;—k,—1/,), 4TOObI KyJsIOHOBCKOe 
OTTAJIKUBaHHe, MpenATcTRyIOulee CBepXMpOBOAMMOCTH, cTalO mpeoOsaarouluM. 
Sra apryMenTallua, OcHOoBaHHad Ha TeopHu Bapyuna, Kynepa u Lpucepa (°), 
ABJIACTCA, MO-BUJMMOMY, HeocTaTOUHOH, MOCKOJIbKy B Oovlee TOYHOH TeopHH. 
H. H. Boromo6opa u corp. (*) poulb KyJIOHOBCKOFO OTTAJIKHBaHHA 3HaYMTeJIbHO- 
oca6eHa (3a cueT HasMuNa B 3HaMeHaTesie In(E£-/hd) *. Bombwomy xe 
YMeHbILICHHIO YHCIa BOSMOXKHBIX ap TpenaATcTByeT COMpoBox Lawn oOpa3o- 
BaHHe eCJMHHYeK C MapaJJIeJIbHbIMM CNHHAMM pOCT KHHeTHYeCKOH 9HeprHH. 

Ilostomy HaM mpefcTaBJIseTCA, UTO 3]}eCb BaXKHYIO POJIb MrpaeT TO O6cTOSR- 
T@JIbCTBO, UTO MHAYUMpoBaHHoe (OHOHaMM B3aHMOJelcTBHe aeT 9sddekTHBHOe 
MIPHTAKEHHE TOJIbKO JIA 9JICEKTPOHHBIX MepeXOOB, YOBJIETBOPAIOWIMX CJIey10- 
memy ycwioBuio (°): |e —ek4x |< hax, Pe X— BOJIHOBOH BeKTOp coHoHa.. 
Hao6opot, mp ycuoBHn | & — 4x | >> hx HHAyWHpoBanHoe cboHOHaMM B3aMo- 
JeHicTBue MpHBOAUT K OTTaIKMBaHHIO. B cuy 3anomHeHHa O6nacTH I] neBpimu 
eCMHH4KaMH WHLYUMpOBaHHoe (POHOHaMH B3aMMOJeHcCTBHe JOJDKHO MIA Mepepoga 
napbl u3 oOsactu I B o6macTb II] coo6mTb ef, mo KpaliHe Mepe, SHeEprHtio 
~plo; MosToMy TakOl MepexOq MO*KeT OKa3aTbCA SHEpreTHueCKH BbITOHBIM 
TOJbKO Mp plo<( 26. B mpoTHBHOM .clyuae OyeT HMelb MeCTO HepaBeHCTBO: 
l&x—k4x | >>ply > kG Wu. CeMOBATeIbHO, NOABHTCA OTTAaIKMBaHMe, Jesaroujee 


* B cBs3H C 9THM OOpaliaemM BHHMaHve Ha 3aMeTKy JI. BpuumosHa nox 3arom0BKOM 
«Mupax cBepxmpoBoxHMocTH» (°), B KOTOpOH BOOOLIe OTpHuaeTcA BJIMAHHe KYJIOHOBCKOrO: 
B3aMMOJleEHCTBHA SJICKTPOHOB Ha ABJICHHE CBEPXIIPOBOAMMOCTH Ha TOM OCHOBaHHH, TO 93TO 
B3aHMOJeHCTBHE, ABJIASCb BHYTPCHHHM, HE MOXKCT BJIMATb Ha JBYXKeHHE IeHTpa MaCC CHCTeMBI 
B3aHMOJeHCTBYIOWMX YaCTHI,. OqHaKO STO CoOOparxkKeHHe MpescTaBAeTCA HAM HeyOeHTeMbHBIM, 
NOCKOJIbKY B HOBO MHKPOTeOpHH CBEPXNPOBOAMMOCTH peub HeT O06 SHEpreTHYeCKOM creKTpe 
CHCVeMbI B3AMMOJCHCTBYIOMIMX 9JICKTPOHOB, Ha KOTOPbIH BHYTPeHHHe KyJIOHOBCKHe CHVJIbI BJIMAIOT 
TaKHM O6pa30M, 4TO STO OOwleryaeT BHEIWWHHM BO3elCTBHAM pa3pylleHHe CBepxNpoBosAule©ro: 
COCTOAHHA. 

Cm. TakxKe Hally paOory (1*), B cBA3H Cc KOTOpol Momb3yemcnA CyyaeM CeTaTb crepyt- 
mjee 3ameyanve. Korga sta paOota (1%) 6bla HaNpaBseHa B Mle4¥aTb, Mbl O3HAKOMHJINCh C pa- 
Soto Matixca (1%), rge Bonpoc O NOABAeHHM CBepXNpOBOAAMero COCTOAHHA CpeqH 93/1eMeHTOB: 
NepHOAMYeCKOH CHCTeMbl PpaCCMaTPHBaeTCA C TOUKH 3PeHHA TeCOpHH, H3v0x%KeHHOH B (3). Tlafine 
(28) oroxkzecTBAAeT SdekTHBHbI 3apsan Z aig © YHCJIOM BaJIeHTHbIX SIeKTpoHOB Z. IIpu stom 
OH NOJly¥aeT 3HAYHTEJIbHO Xyfllee Corsiacue Cc OMbITOM. Tak, HampHMep, semenTpr Ga, Al,. 
Re, Hg, Cd, Zn, Rn u Os we ygosnersopsioT npenoxennomy [lafincom KPuTepHio cBepx- 
MpOBOMMOCTH. Corslacue STOrO KpHTepHA C ONbITOM 3aMeTHO yulyuulaeTca (Mpexye Bcero AIA 
ABYXBAJICHTHBIX SJIEMEHTOB), CCIM BMeCTO Z MOACTABHTh Z ose W3 Halllelt pa6orbt (12). Mocacgz- 


Hee OOCTOATeMbCTBO, NO-BAZMMOMY, yKa3blBaeT Ha TO, ¥YTO NpaBHio MaTimaca sBaserca BBI- 
ParxKCHHCM CYULCCTBCHHBIX CBOHCTB CBEPXNPOBOAALeErO COCTOAHUA, JIA KOTOPbIX BaXKHYIO POJIb 
HrpaecT HE YHCJIO BaJIeHTHBIX SJIEKTPOHOB Z, a HEKOTOPbIt SpekTHBHbIM sapay Z est: 
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SHepreTHuecKM HeBbIFOMHbIM Nepexox map I-III. Ecum yuecrp ene Kys10HoB- 
CKO€ OTTAJIKHBaHHe, TO SCHO, 4TO CBEPXMPOBOAMMOCTb BO3MO%KHAa JIMIUb NpH 
ycuIOBHN Ulo< AG. 

Jina uvicneHHOH Olek MpHMeM, B coorBercrBuu c (7), Ad ~ 1074 apr, 
HM NOMOXKUM is eppoMarHeTHKoB /)~ 10" spr. IIpu takom sHauenuu J, 
UHCJIO BOSMOXHbIX Map YMeHbIUWaeTcH BCeroO TOJILKO Ha ~1,5% (cM. (1)), Ho 


sToro ye JocTaTouHO JWid HapyWieHua ycnosud plo>< hw, u mosToOMy 
CBEpXNpOBOJAMLee COCTOAHHe elaeTCA SHeprerHyeCKH HeBbIFOJHbIM. 

Takum 00pa3om, MbI NPHXOJMM kK BbIBOLY, YTO C TOUKM 3PeHUA HOBO! MUKpoO- 
TCOPHH OTCYTCTBHE CBEPXMPOBOAMMOCTH B cbeppoMarHeTHKaXx ABJIAeTCH BHYTPeH- 
HMM CBOHCTBOM CHCTeMbI HX JJICKTPOHOB, OOYCJIOBJICHHbIM OTHOCHT@JIbHO CHJIb- 
HbIM (S—d)-OOMeCHHbIM B3aHMOfelicTBuem *. IlosToMy, NO HalIeMy MHeHHIO, 
OOHaPyXUTb CBEPXMPOBOAHMOCTb MOKHO TOJbKO B TeX (eppOMarHHTHbIX Me- 
TaJllaX, KOTOPble OOJlaaioT OYeHb CaObIM (s—d)-OOMeHHBIM B3aHMOJeLCTBHeM 


(ul)>< hw). Paccmotpenue Takoro Cily4an, MpOBeeHHOe HaMH Ha CCHOBe MeTO,a 
padotpr (*), MOKasbIBaeT, YTO XO (byHKUMH pacnpegxeneHua nap (Hu cooTBeT- 
CTBEHHO JbIpOK) B OONacTax I uw III ocraerca B OCHOBHOM TaKUM xe, Kak B (°). 
O6sacTb xe I] oKka3bIBaeTCA 3aNOJHEHHOM JICEBbIMM eMHHMUKaMH, TaK Kak He- 
pexog eqnuuuKku us II B III suepreruuecku HeBpirogeH B Cuny mpeqnouarae- 
MOH 9dekTHBHOCTH UWHAYUHPOBaHHOrTO (hOHOHaMH B3aMMOJEMCTBUA TOJIbKO 
WA mepexofop map, a nepexogx II->I sHeprernuecku HeBbirogqeH u3-3a HeOO- 
XOJMMOCTH BbITeCHEHHA Nappi u3 OOmacTu Il. Hanuyue o6nactu I] npusogur 
K MOHMKeHHIO TeMMepaTypbl Mepexofla B CBePXMpoBOAAuee COCTOAHHE, TO, 
Hapsafly c JeHCTBHeEM CNOHTaHHOH HaMarHMYeHHOCTH, CHJIbHO 3aTPyAHAeT OO- 
HapyxeHuHe CBOHCTBa CBepxmpoBosumocTH. Tem He MeHee B_ CIellMaJIbHbIx 
YCJIOBHAX (OOpasell C OTHOMICHHEM TOVJILI[HHbI K MOMe€peuHbIM pasMepaM TOpsAyKa 
10-4 (?) uw oveHb HH3KMe TeMMepaTypbl) OOHapyxKeHHe CBepXMpoBOsMMOCTH 
B TaKMX (eppOMarHHTHbIX MeTaaxX BCe Ke MPHHUMMHAaJIbHO BO3MOKHO. 


VMuctutyT du3uku MeTawoB Tloctynuso 
Ypanpexoro dunvana Akalemuu HaykK CCCP 12 VI 1958. 


WHTMPOBAHHAH JIMTEPATYPA 
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cKuHH, KKSTO, 16, 987 (1946). §®C. B. Boncospckuh, E. A. Typos, MKST®, 
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24, 419 (1953). 7D. Pines, Phys. Rev., 109, Ne 2, 280 (1958). *® H. H. Boroaw- 
608, B. B. Tonmaues, J. B. Wiupkos, Hosp metog B TeopHu cpepxnpoBoxHMo- 
ctu. Usa. AH CCCP, 1958. ® L. Brillouin, J. Phys. et le Radium, 19, Nel, 112 (1958). 
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* 3ro xe B3aHMOJelHCTBHe MPHBOAHT B AHTHeppoMarHneTHKaX (y KOTOPBIX UHCWa S-9/1eK- 
TPOHOB C MPOTHBONOMOKH‘IMM MpPOeCKUHAMH CIMHOB PaBHbI M@KAy co6oli) K oOpa3s0BaHHIo 06- 
JaCTH C MOHMXKeHHOM NOTHOCTHIO cocTOAHHH (1°), KoTOpad TakxKe 3aTpyAHAeT Nepexod Map, Kak 
u o6macTb II B cnyyae cbeppoMarHeTHKOB. 
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Jloxnann Akagemun wayx CCCP 
1958. Tom 122, Ne 2 


PH3BHKA 


B. A. TYMAHSH, B. A. DKAPKOB u I. C. CTOJIAPOBA 


YUET MCEBJOTPOHHbIX MPOWECCOB TPH OWEHKE CEYEHHSI 
HENOCPEJCTBEHHOrO OBPA3SOBAHHSA 3JIEKTPOHHO-fOSHTPOHHDIX 
NAP 3JIEKTPOHAMU 


(ITpedcmaeaexo axademuxom JI. A. Apyumoeusem 13 V 1958) 


Tipu onpewenteHuu ceyeHHA HeMOCpeACTBeHHOrO OOpa30BaHHA 2JICKTPOHHO- 
MOSHTPOHHbIX Nap 9€KTPOHAMH BbICOKOH SHEPrHH («TPOMHHKOB») CyLLeCTBeEHHO 
3HaTb YHCNO OOpasYIOWUXCA Ha WaHHOH JVIMHE Clea BIeKTpOHa Tak Ha3biBae- 
MBIX «mceBJOTpoHHuKoB». TlocmeqHue OOpa3yoTCA MpH KOHBepCHH Y-KBaHTOB 
TOPMOS3HOFO H3/IYYeHHA WIEKTPOHA HeMOcpefCTBeHHO BOWIH3H ero culeqa. Tlostomy 
COBOKYMHOCTb CJIEQOB IJIEKTPOHA HM OOPas0BaHHOM Y-KBaHTOM Mapbl HEBO3MOXK- 
HO 9KCNePHMEHTaJIbHO OTJIMUMTb OT Clyuad HeMOcpesCTBeHHOrO OOpa30BaHUA 
3JIEKTPOHHO-MOSHTPOHHOM Mapbl S/IeEKTPOHOM. 

Tlonpasku JA unCa MCeBAOTPOHHHKOB BBIMHCIAMCh B padotax (}, 7) *. 
Ognaxo B (1) He yaHTHIBaOCb H3MCHECHHE SHEPFHH WICKTPOHA 3a CueT H3yUeHHA 
Y-KBaHTOB, YTO JOUXKHO CYLICCTBCHHO BJIMATb Ha mocMemyioujee paccesHHe 
3NIeKTpOHa HM, KPOMe TOFO, Ha 9HepreTHyecKHH CMeKTP HCMyCKaeMbIX ChOTOHOB. 
Yruopoe pacnpeyeneHve 3THX CPOTOHOB MpHHHMavOocb rayccoBcKHM. KousBep- 
CHOHHAaA JWIWHa CUMTaNaCb OJMHAKOBOH JIA y-KBaHTOB BCex 39Heprui. Pacuer 
B (?) MpOBOAMJICA IPH TeX 2Ke OCHOBHBIX JOMYULCHHAX H, KPOMe TOO, CUHTAaJIOCb, 
YTO Y-KBaHT HCMYCKaeTCA JIMUIb B Hayae Cylefa SeKTpoHa. Takue mpH6sux«Ke- 
HHA BeLYT K H3BeCTHOH NMOrpeuHOCTH MpH onpeseteHHH ceyeHHaA. 

B cBxa3u CO CKa3aHHbIM BBILIe HAMM Obl MpeAMPHHAT pacueT 4uCa MceBIO- 
TpoltHuKoB mMetoqom Moute-Kapwio. BoruucenHa mpoBeleHbl, KaK MH B YIOMA- 
HYTbHIX paOoTax, AIA AepHbIX SMYIbCHH. PaqualMOHHad eAMHMIa JIMHbI B 
SMYJIbCHH TpWHATa paBHon 2,94 cm. 

Tipu paspirpbipBanvu COOBITHH, CBA3AHHBIX C MpOXOxKJeCHHeM BbICOKOSHEp- 
TMUHOFO QICKTPOHA: Yepe3 BeUleCTBO, ObIIM HCMOIb30BaHbI TEOPeETHYCCKHE BBI- 
paxkeHua, nomyuyenupie Bere u Taiitnepom (*, °), Aa TOpMo3sHOrO u3y4YeHHA 
3N€KTPOHOB, YVIOBOrO pacnpeeNeHHA HCIYW[CHHbIX KBaHTOB MW CeyeHHA OOpa- 
3OBaHHA SJICKTPOHHO-MO3HTPOHHbIX Map Y-KBaHTaMH C yYeTOM 9KPaHHpoBaHHaA 
QJICKTPHYeCKOrO NOMA Apa aTOMHBIMH 9S/IeKTpOHamMu. Pacnpemenenue yrs0B 
MHOPOKPaTHOrO pacceAHHA CYHMTaOCb TayccoBcKkHM. Pa3birpbiBaHHe MmpoBo- 
us0Cb TakxKe WIA CneKTpa TOpmMosHOrO u3yueHuA Tep-Mukaenana (°), Ko- 
TOPbId Y4HTbIBAeT BJIMAHHE Cpefbl Ha H3NyueHHe JeKTpOHa **, 

Pacuer merogom Monte-Kapsio cBoqusica K cCjleqyoulemy: onpewemssucb 
KOOPAMHATbI TOUCK HCIMYCKaHHA SJIEKTPOHOM Y-KBaHTOB, KOOP]MHAaTbI Haya 
oOpa3s0BaHHbIX HMM Map HW COOTBETCTBYIOW[HE OTKJIOHEHHA 3eKTPOHA 3a CUueT 
MHOroKpatHoro paccesnua. Iloce kKaxoro UCMYWIeCHHOrO KBaHTa YUHTHIBAJIOCb 
H3MeCHEHHE ZHEPrHU S/JeKTPOHA HM BCE NOCMeAyIOULMe MpOLecchI pasbirpbiIBANUCb 
c yueTOM 3TOrO H3MeHeHHA. PaccMaTpMBaJIHCh TPH HaasbHble SHeEPrHuH 9/1eK- 
tponop E: 10°, 104, 10" op. [lia kao u3 HauabHBIX 9Hepru 6pIO 


* Tlonpapka, nomyuennaa B (1), MompoOHO oOcyxmaeTca B (8). 

** ABTOPbI COW BO3MOXKHBIM He IpHHMMaTb BO BHHMaHHe adpext Jlanzay — Tlomepau- 
uyka (7), KOTOPHIH iA ACpHbIX SMYJIbCHH Ha4YHHaeT UrpaTb PO MPA 9HeprHAX 2NeKTpOHOB, 
NpeBbluuarouyux ~ 101? 98. 
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pasbirpano mo 105 siextponos. Pacuer npousBomMica Ha AIMHe Cela SeKTpO- 
Ha, PaBHOH OMHOM paMalHOHHOH eCMHMIe JVJIMHDI. 

IIcesqorpoHHukaMH MPHHATO CUNTaTb Mapbl, paCCTOAHHA OT Hauasa KOTO- 
pix No sekTpona p<0,2 » (7, *) TlockousKy Tako KpHTepuHii He Bcerya mpH- 


Ta6Oauna 1* 


= 


TlomHoe yucsio CnektTp 
E 3B nap Ha 105 pag. TOpMO3HOrO 
eq. JJIMHbI o<02p °<0,3 p 0 <0,4 p M3JLyueHHA 
4010 193 0,18-40,05 0,24+40,05 0,27-40,05 Br 
194 0,18-40,05 0,24-L0,05 0,27-L0,05 ™ 
400 346 4,03-F0,08 4,4-+0,4 1,7+0,4 Br 
303 0,86-+0,08 1,12-++0,09 1,4+0,4 ™ 
1012 402 3,3-40,2 oy OxteOn SOse Ore Br 
282 OSE 2,4+0,14 2,5-40,4 T™ 


* OumMOKH N oMnpeyemeHbl Kak cTaHJapTHbe PulyKTyaguu. BE —cnexrp topmosxoro u3vy- 
yeHua 0 Bete — Tatitnepy. TM—cnextTp Topmo3Horo usiyyeHua mo Tep-Mukaessany 


Me€HHM B 9SKCIICPHMEHTAJIbHBIX YCJIOBHAX, HAMM BBIMHCICHO H MpHBeeHO B 
TaO. 1 w Ha puc. 1 cpeqHee uncnO MceBAOTPOMHUKOB Ha PaMallMOHHOH efu- 
Hue JVIMHbI 1 JIA TPeX Pa3JIMUHbIX KPHTePHeEB op. 


60 

D} l a 

48 
oh 7M 

We | 

G6) fv 
20 sh 10 
ls U4 a 
2 1g" 
40 

G2 19" 
go 10” 

oD A 72 a a EF) 
ig Cee igd 2 ¢ 68036 * 7——— — Pre Guts, 

Puc. 1. Uncno mcepqoTpoluukos Ha Puc. 2. OrHouleHve yucna MceBsoTpor- 
PaqvalHOHHOH eAHHHLE LJIHHbI B 3a- HHKOB K NOJIHOMy uHcay Map K B 3aBH- 
BHCHMOCTH OT HauaJIbHOH 2HeprHv CHMOCTH OT JJIMHbI Cleqa aeKTpoHa T. 
anekTpoHa. BJ — cnekTp TOpMo3HO- e<0,2 wu. Tlnmapnpie kpuspie Jaa E = 
ro w3myueHHaA m0 Betre—latitsepy, =10!9 53 uw E= 10% 3B B3ATHI M3 
TM — cnektp TopMos3Horo xH31y4e- paOotn (3) 


Hua Mo Tep-Mukaensny. ep<0,2 uw 


Kak BHIHO W3 MIPHBeeHHbIX JaHHbIX, YHCMO MCeEBAOTPOMHUKOB JOBOJIbHO 
cma60 3aBHCHT OT NPMBOAMMBIX Hamu KpuTepHesB. IpyOaa ollenKa 4HCIa MICeB- 
JOTPOHHUKOB B Clyyae MpOMexXYTOUHBIX SHeEPruii MOXKeT OLITh NMpousBeena 
mo KpHBoH Ha pue. |. 

Ha puc. 2 npuBoxuTca mompaBKa WIA YMCMa MCeBAOTPOMHUKOB B (opme, 
mpunaton B (1), T. €. B BAe OTHOWICHHA YHCa NCeEBOTPOMHUKOB K MOJIHOMY 
YHCJIY SJIEKTPOHHO-MO3HTPOHHBIX Wap, OOpasoBaHHbIX IIpH KOHBepCHH Y-KBaHTOB, 
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4 JVAH, vr. 122, Ne 2 


HCNYLICHHEIX 9eKTpoHOM. 3 cpaBHeHuA MompaBoK CilelyeT, YTO MOMYYeCHHOe 
B JaHHOM paOoTe 4HCO NCeBAOTPOMHHKOB MeHbIe, YM COOTBETCTBYIOULeCe eMy 
YHCIO MCeBLOTPpOMHHKOB m0 ('), HHayYe TOBOpA, CceyeHHe oOpas0BaHHA TpoHu- 
HHKOB, paCCUMTaHHOe MPH NOMOMIA MOYYeHHOrO HaMH YHCJa NCeBOTPOMHMKOB,. 


Gombe, “eM ceyeHHe, OmpefemeHHoe no (?). 
Ta6Oauua 2 


Uucno TpOHHHKOB 


Yucno BAAMMBIX ee eae a Se tied 
E, bes TpOHUKOB 1, |corsacuo wacTosuy.| CPs cop uCTOUHHK 
nlonpaBkKa m0 (?) paoore Ba6a (°) 


Oo ca ee yn ee 


40-+100 1,1-+0,4 0,9-40,4 0,6-0,4 0,11-+0,19 (2), 
2,5+60 0,6-40,2 0,1-40,2 0,2-40,2 0,08-+0,17 (8) 


Vintrepecuo OWeHHTb MpH MOMOMIM HalieHHOrO HaMH YHCJIa MCeBLOTPOHHHKOB: 
YHCJIO CJLYYaeB HEMOCpeACTBeEHHOTO OOpas0BaHHA Map 9/IEKTPOHAMH MO JaHHbIM 
pasJIMUHbIX aBTOpOB. PesysbTaTbl TaKOl OWeHKH JWIA OMHOH palMal\HOHHOH 
CMHUILbI JJIMHbI MPHBeeHb! B TAGs. 2, re YHCO BAAMMBIX TPOMHHKOB Mmpefcra- 
BulneT COOOH CYMMY 4HCeJI TPOHHHKOB HM NCeBAOTPOHHHKOB MTIpH KPHTepHu 
o<0,2 wp. Yka3aHHble OWIMOKM ABJAIOTCA MyaCCOHOBCKMMH. OOpamaioT Ha cebA 
BHMMA@HHe MpOTHBOPeyMBble JAHHbIe O YHCJI€ TPOHHHKOB, MOJYYeHHbIe Mp NpH- 
MeHe€HHH JBYX Pa3JIMYHbIX NOMpaBoK. 

I]pHmMeHeHve pe3yJIbTaTOB HacTOAMeH paOoTh! JaeT OH3KHe SHAYeCHHA [IH 
YHCJla TPOHHUKOB B OOOUX HHTeEPpBaslax SHeEPrHl JJIEKTPOHOB, a M@x*KAy 4HCaMEn 
TPOHHHKOB, MOJIY4eHHBIX C MOMOL{bIO NoONmpaBKH m0 (+) HaOMOMaeTCA 3SHAYHTEJIb- 
HO€ pacxoxKeHHe, KOTOPOe TPYAHO OOBACHHTb pa3JIM4HeM B SHEPIHAX 9JJeK- 
TPOHOB. SamMeTHM, 4YTO NOMpaBKa nO (') CyuIeCTBeHHO 3aBHCHT OT MOJIHOrO UH- 
Cyla 3JIEKTPOHHO-MO3HTPOHHBIX Nap Ha aHHOH AuHe cleqa 9nekTpoHa. B (1) 
MOMHOe YHCO Map ONpeeAMIOCb SKCIECPHMEHTAJIbHO, a B (8) ObIIO BLIMMCJICHO: 
TeOpeTHYECKH. 

IIpwynHa ynomMsAHYyTOrO BBILIe MpOTHBOPeYHA, BO3MOKHO, 3aKJIOUAeTCA B. 
TOM, 4TO MOIHOe YNCIO Map, HalifwenHoe B (*) (0,8 + 0,3 Ha pay. eX. WHHbI), 
CYIICECTBEHHO OTJIMYaeTCA OT COOTBETCTBYIONero eMy TeOpeTHYeCKOrO 3Haue- 
HMA (2,2 Ha pay. ef. AMHbI) (cm. (8)). 

Tlo-suqumomy, B (1) uMea MecTO J1MOO 3HadHTeIbHad GbslyKTyAalMA, M60: 
CHCTeMaTHYeCKadA OWHOKAa, CBA3AHHAA C MpOMyckOM HeKOTOpOrO uHCsa Nap, 
JOCTaTOUHO JaJIeKO PaCNOJIORKeHHbIX OT CJIeqa SCKTPOHA, BCJIEMCTBHe 4erO: 
4HCJIO TPOHHHKOB OKa3aJIOCb 3aBbIIIeCHHbIM. 

Uncio TpOHHHKOB, BbIYHCJIeEHHOe M0 JaHHbIM (1,8) c nompaBKol no (1) np 
NOMOWM TeOpeTHYeCKOrO SHAYeHHA JIA NOWHOTO “NCA Map, He MpeBbluaerT 
4MCJIa TPOHHHKOB nO Teopuu Baba (°). Mexay Tem, 4uCO0 Cmy4aeB Hemocpex- 
CTBEHHOPO OOpasOBaHHA Map BICKTPOHaMH, PaCCUMTaHHOe MO STHM JaHHbIM MpH 
NOMOWM MOJyYeHHOrO B HaCTOAMeH paOoTe 4uCa MCeBAOTPOMHHKOB, MpeBbI- 
WlaeT COOTBETCTBYIONLEe HCO TPOMHHKOB, BbIUHCJIEHHOe C NompaBKoH mo (?), 
HO 3HAUMTEIbHBIC 9KCMEPHMEHTAJIbHbIe OWIMOKH HE MO3BOJIAIOT CleaTb ompe- 
JJICHHbIC BbIBObI O BeJIMYMHE CeYeEHHA MO CpaBHeHHIO C TeOPpeTHYCCKUM. 

B sakjuouenne aBroppl Gnarozapat npod. WU. WU. Typesuya 3a uutepec x 


paoote, B. A. Huxompexoro 3a wenuble coperni u A. II. CoOonesy 3a nOMoLtb. 
B BbIUHCJICHHAX. 


Iloctynune 
5 Il 1958 
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Horszaye Akagemun nayrx CCCP 
1958. Tom 122, N 2 


TEO@H3HKA 


r. B. POSEHBEPF 


CBETOBOH PE)KHM B TJIYBHHE PACCEMBAFOWWEM CPEJbI 
MH CNHEKTPOCKONWSA JMCNEPrHPOBAHHbIX BELJECTB 


(ITpeOcmaeaexo axademuxom B. B. Ullyaetixuneim 17 IV 1958) 


1. Uccnezya cBeropolt pexuM B ruiyOuHe pacceuBatomeli cpeqn, B. A. Tu- 
modeesa (1) OOHapy2KHJIa pA SMMMPHYECKHX 3aKOHOMEPHOCTeli, KOTOPHIe MO- 
ryT, B YaCTHOCTH, HMeTb 3Ha¥eHHe JIA aOCOPpOWMOHHOM CMekTpocKoNHHN JUC- 
neprMpoBaHHEIx BemecTB. Hactrosmaa padora nocBauena Teopernueckomy 
OOOCHOBaHHIO HM YTOUHEHHIO HEKOTOPLIX H3 3THX 3aKOHOMepHOcTel. B cBa3H c 
HeEOOXOJMMOCTHIO yueTa NOIAPH3allMOHHbIX 9¢ppeK TOB, MbI Oy eM MOJIb3OBaTbCs Tep- 
MHHOJIOrHe HW alnapaTOM, CBA3@HHbIMH C OMMCAHHeM MOJAPH3alHOHHOFO Co- 
CTOAHHA CBeTOBOrO My4Ka MPH NOMOWH BeKTOp-napametpa Crokca (’). 

2. TlonyctuM, 4To OfHOpOosHaA H30TPONMHAA paccenBaroulad cpesa 3anouHA- 
eT HW2%KHee NOMyNpocTpaucTBo Z>>0 u ocBeuleHa Co cropoHbi Z<0. Ontruyeckue 
CBOHCTBa Cpebl XapaKTePH3yIOTCA OTHECCHHBIMH K eHHHWe OObema KOadpu- 
IMeHTaMH (MOMepeyHbIMH CeYCHHAMH) MOTJIOWeEHHA &@ HM pacceAHHA co, a TaK2xKe 


= 1 : 
MaTpHllelt pacceaHHa 7— fin (B54. 9,0 GQ, ret, R= TI, 273, 47 7 = cos 0; 
uw’ = cos 0’; 0 — NOMApPHbIM WM a3HMYTAJIbHBIM yrvibl WIA paccesHHOrO nyuKa 
(MONAPHOM OCbIO CYT OCb Z); 6 uw o’—TO *Ke AVIA pacceuBaemoro yyKa 
dQ. — 3flemeHT TeJlecHOrO yrvia, OOpa3s0BaHHbI paCCeAHHbIM IYYKOM. 


Jlerko M0Ka3aTb, YTO B CLyuae H3OTPONHOM cpeAbl MaTpHa pacceAHuA JOuI- 
2%KHa, B YACTHOCTH, OOaaTb CeAYIOULMMH MHTerpaJIbHbIMH CBOHCTBaMH: 


Fie Fig =F u = Pa = Po = Fo =0, Fo=Fy =, (1) 
rye 
+1 +1 
Faw’) =i | Fatesu de, Fine) =te | Fasu a's ©) 
me el : 
Fin (ts #') ="2\ ime’, @—9') 4 (@— 9’). (3) 


a 


3. Pacnpocrpanenve cBeTa (HJM NOTOKOB YacTHI, co cNHHOM 1/,) B  pac= 
CenBalouleli cpee ONHCbIBaeTCA ypaBHeHHeM NepeHoca (°*) 


aS, (Z,-,9) 
dean ¢ oe 
ye +1 20 
= —kS;(2,v,f) + 2 \ \ fan (u, 2,9 — 9’) Sn (Zz, B',9’) du’ de’, (4) 
R 10 
roe R=a-+o; S;(zZ, 2, 9) — KOMNOHeHTH] BeKTOP-NapamerTpa Crokca, XapaktTe- 


PH3yI0WMe CBeTOBO! NOTOK B HanpaBJIeHHH 4, @ Ha ryOune z, NpHyueM B Ka~ 
YeCTBe MVIOCKOCTH pedepeHIHH BbIOpaHa BepTHKaJIbHad MVJIOCKOCTb, COfeprxKa- 


wlan HanpaBsenHe p.,9 (*). 
4* 214 


Viz dusnueckux cooOpaxkeHu oueBHyHO, 4TO B ulyOuHe paccemBalouleli 
cpeybI Ha JOCTaTOUHOM YasieHHH OT ee FpaHHIbl AOKEH YCTAaHaBJIMBaTbCA 
CTalMOHAapHbIt pexXUM, IIpH KOTOPOM yrvloBble 3aBHCHMocTH BeJMUMH S; He 
U3MeHAIOTCA C TvIyOHHOM HM CBOOOAHbI OT BJIMAHMA yrvla HaKJIOHa WM XapakTe- 
pa MOJIApH3allHu CBeETOBbIX NOTOKOB, OOJIYYaIOlMx HapyXHy!lo rpaHHily cpe/{bl. 
OJHOBpeMeHHO JlOJPKHa HCYe3aTb A3HMYTAJIbHaA 3aPHCHMOCTb S;. ITO yTBepxX- 
jleHHe clipaBeqIMBo, eCJIH B aKTaX pacceAHHA He MPOMCXOAMT JerpayalHH sHep- 
THM pacceMBaeMbIX YaCTHIL WIM (OTOHOB H eCH ylelbHad NoroulaTesbHaAd 
CMOCOOHOCTb cpebI 


B=a/s (5) 


HeBeyIMKa. CorjiacHO CKa3aHHOMy B rulyOuHe cwa6onorsomjarioluleH pacceHBalo- 
ile CpeMbI OJMKHO HMeTb MeCTO pa3jleJIeHHe MepeMeHHBbIX 


Si (2, 9) = R (2) si (v)- (6) 
Tloyctapaaa (3), (6) u (5) B (4), Nomyuaem 
dR r 
eG) = — RR); (7) 
1 +1 
(1 +8) —w) se) = + Dy) Fir @s ve) Sh@)d’, 8) 
7s, 
rye : 
y=Rh'/k (9) 
He 3aBHCHT OT w. 
V3 (7) caenyer, uTo 
R (2) =e" G—) | (10) 


Ypasuenue (8), BooOMe TOBOpA, MOXKeT JonycKaTh pA 3HaueHuH k’, Ho 
Ha JlOCTaTOUHO OoOJIbILOH rulyOMHe BCe pellleHHA 3aTYXHYT, KpoMe pelleHua c 
HauMeHbluuM Rk’, uro M OyeT COOTBETCTROBATb YCTAHOBJICHHIO CTallMoHapHoro 
pexkumMa. Takum oOpa30M, B rlyOMHe 3aBucuMocTb S; (Z) WosDKHa ObITh 9KCTIO- 
HeHIHaJIbHOM, TpH4eM TIyOHHHBbIM KosiuyneHT 3aTyxaHHa k’ He 3aBHCHT OT 
HanpaBJieHHa Jlyya. 

Vnrerpupys (8) m0 » uw yuuTbIBad (1), merko moKagaTb, uT0 mpH y=0 


=0u p;=const-5;, MmpHyemM MOTOK H3y4eHHA uepes TopH30HTaJIbHOe 
ceueHHe 


+1 
® = | ps, (v) du =0. 


i 


Ecumm >Ke cpefa o61aqaeT MorsoluleHvem, TO 


1 
net ee ere (11) 
_ ctrl 
Tye p = o/\ S;(u) du. pu B<1, tT. e. Reo, wa (5) wu (11) caenyer 


—I1 


a=k'p. (12) 

4. PaccMorpuM Teepb cBeToBoli pexum mpn y< 1. Mouoxum 
Si (4) = Jo [Pia + yas (u) + 7b: (2) + y8ee (U) +. . -]; (13) 
P= pyri Sayers (14) 
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Tlogctapan (13) u (14) B (8) u CoOupad WIeHbI C OAMHAKOBbIMM cTeneHa- 
MH Y, MOJly¥aeM CHCTeMy ypaBHeHHH Jia a; (uv), 6; (u), c:(u) ut. ga. Vurer- 


PHpy STH ypaBHeHua NO wc yyeTom (1), HaxoquM 


+41 
p=0, 4g =1/.\ Ud, (2) dp, 


—f 
=p 1 


r=—qils\ a.) de + Ye | bs (u) des; (15) 


-—1 — 
B pesyJIbTaTe CaMH ypaBHeHHA mpHoOperaloT BUT: 


+1 


a; (v) = p84 + ‘le 2 \ Pin (, 2’) Gp (u’) dp’, 
+1 
bs (u) =— gba Hae (v)+%/ BS | Fun (ev!) on H!) de’ (16) 
ard 
C; (v) = (Qu —7) 8a — Gaz (v) + pb,(p) +4/5 pa \ Pe (v,v’) cr (p’) dp’. 


5. Ms (15) w (16) ovepugHo, uro Bug cbynkuu a;(u), b:(u), c:(v)..., 
a CJIeQOBaTeJIbHO WH 3HaUeHHA KOS*DHUMeEHTOB g, f,... 3aBHCAT TOJIbKO OT 
Bula MaTpHIbl paccefHHA HM OfMHOSHAYHO oOMpesesaloT 3aBMcHMocTs 8 oT y 
corsacHo (14): 


ge 2 
fav (l+srt-.-), (17) 
oTKyfa ey 
( 0 
rye 
fo ee ln (19) 
q ‘In8 
WJM, YUHTbIBaA (5) u (9): 
peg) EE 
k = (=) = =. (20) 


M3 (10) uw (13) npn y<1 Haxoqum: JIA HHTeHCHBHOCTH 


L=S; = je" **[1 + ya, (uv) + ..--Fea**; (21) 
cTeneHH MouJApH3alHH (?) 


ae 
tree V @ ) +22); Ce 


CTeMeHH SJIJIMNTHYHOCTH (?) 


aay 
8 


= My (1) (23) 
M yruia HaKsOHa MOCKOCTH MpeHMYyUecTBeHHOH NOMApHsaAH Yo (”) 


S3 a3 (4) ‘ 
tg 2b) = <7 OG (24) 
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TakuM OOpa30M, CTeleHb NOJIApH3allHH WM CTeMeHb JJJIMMTHYHOCTH B MepBOM 
NpHOMKeEHHH JOJDKHBI ObITh MpOMOpUMOHaIbHBI y, a by OT g He 3aBucuT. Uro 
KacaeTca (popMbI Tela HHTeHCMBHOCTeH J(u), TO M0 Mepe yBe/MYeHHA Y OHO 
jedbopmupyetcx, BCe Oovslee yaIAACh OT CPepH4HOCTH HM CTaHOBACh ACHMMeT- 


PHUHBIM, UTO COOTBETCTBYeT RO3PAaCTAaIOWeMy OTJIMYHIO OT HY/IA p., T. €. MO- 
ToKa u3lyyeHHa © uepe3 TOPH3O0HTaJIbHOe CeyueHHe. 

OrmetuM, uro coorHouenua (10), (19) u (20) momHocTbIo OTBeYaIOT pe3yJIb- 
TataM onbirop B. A. Tumodeesol (1). Uro xe KacaeTca BbIpaxkeHHa (21), 
TO JWI ero MpOBepKH OMYyGOJIMKOBaHHbIX e10 CBeAeHHH HefocTaTOuHO H HeOOXxo- 
MMO OoJlee TUaTesIbHOe COMOCTaBJIeHHe C JaHHbIMH SKCIepHMeHTAa. 

6. OgHa 3 OCHOBHBIX TpyAHOcTeH, CTOAMIMX Ha MYTH pa3sBHTHA CIeKTpo- 
CKONMM JMCMeprHpoBaHHbIX BeLeCTB, COCTOHT B HeOOXOJMMOCTH pa3jeJIbHoro 
onpelesIeHua « H o paccenBatouleli cpeybl. B curyyae B S 1 STO BO3MOXKHO BBI- 
NIOJIHHTb IYTeEM H3MepeHHA ee OTparxKaTeJIbHOH cnocoOHocTH (3). CooTHOWeHHA 
(12), (20), (21) mw (22) yKa3bIBaloT Ha BO3MOXKHOCTb JOCTaTOUHO HajflexKHoro 
onpeleseHua « B OOpaTHom clyuae B <1. Ha 9sTy Bo3MoxKHOCTD BHepBble O6- 
paTuyia BHuMaHve B. A. Tumodeera (1) Ha OCHOBaHHH aHaJIM3a 9KCIepHMeH- 


TaJIbHoro MaTepHasia. BecbMa cyulecTBeHHO, uTo mpu B< | V hs c) 776 
HCMOJIb30BaHHe COOTHOWIeHHA (20) NO3BOJINCT SKCICPHMeHTaJIbHO OMPeeJIATb &, 
MHOFO MeHbIUHe JOCTYMHBIX JIA H3MepeHHaA ApyrHMuH MeTofamH. Moxkuo No- 
JlaraTb, YIO MaJIbHelilMe TeopeTHuecKHe H 9KCNMeEPHMeCHTAaJIbHbIe MCCJeqOBaHHA 
B 9TOM HampaBJIeHHH CO3akyT MpounyloO OCHOBY AVIA pasBHTHA aOcopOlHoHHO- 
TO CHeKTpavIbHOrO aHaJIH3a JHCNeprHpoBaHHbIxX BelllecTB. Kak M3BeCTHO, JO 
HAaCTOALMLerO BpeMeHH TaKOH aHaJIH3 Obl] MpakTH4YeCKH HeOCYLIeCTBHM, 3a HC- 
KJIOUCHHEM HEMHOrHX YaCTHbIX 3a]au, SKCMeCpHMeHTaJIbHOe pellleHHe KOTOPbIX 
OblIO HalllynaHo SMMMpHuecKH. 

Tlocrynu10 

17 IV 1958 
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Hoxnage Akagemun nayr CCCP 
1958. Tom 122, Ne 2 


BHO@®H3SHKA 


®. b. WATHMPO u H, H. WANHPO 


M3MEHEHWE YNCJIEHHOrO COOTHOMIEHHSA NOJIOB Y MbIWWEN 
KAK BO3MO)KHbIM PE3YJIbBTAT y-OBJIYYEHHA IMBPHOHOB 


(ITpedcmasaeno axademuxom H. H. Il maasezaysenom 16 V 1958) 


Hacrosmee ucceqoBaHue He ObIIO MpeANPHHATO CO cnelHambHO LenbIO 
HaXOKJCHUA TaKOM CTaMM Ppa3BHTHA IMOPHOHOB MbILIM, Jy¥YeBOe BO3selicTBHe 
Ha KOTOPyl0 CMOrJIO Obl HSMCHHTb YHCJIEHHOe COOTHOMEHHe MOOB. 3aqaua pa- 
OOThI Oba ABOAKOM: MO-MepBbIX, HCCJICAOBATb MJIOMOBHTOCTb XKMBOTHbIX, O6- 
JIYYCHHbIX Ha CTayquH COpMHMpoBaHHA TOHA, UH, BO-BTOPbIX, H3YYHTb pasBuTHe 
y TaKHX MKMBOTHbIX BTOPHYHO-NOJIOBbIX Npv3HakOB. O6Ge Ha3BaHHble 3aaun 
TpeOoBaIM TOYHOM perncTpallun Moa pork alouluxca %*KUBOTHEIX. [lomyuenuple 
B 9TOM HCCyIeqOBaHHH dakTHYeCKHe aHHble CAemalH HeOOXOAMMbIM paccmo- 
TPeHHe BOMpoca O BO3MOXKHOCTH H3MCHECHUA YHCJICHHOFO COOTHOLICHHA MOJIOB B 
pesyiIbTaTe y-OOJlyueHHA IMOPHOHOB. 

O6ObekTOM HCCJIeOBaHHA ABWJIMCb HeJIMHeEMHbIe OesbIe MBI, B3ATHIC 3 
NOMNYJAWAH, pasBoquBUIeHcA B MaOopaTOopuu B TeYyeHHe Y seT. CormacHo suTe- 
paTyPHbIM JaHHbIM ('),nepBH4Had roHaa MOXeT ObITb OOHapyxeHa Y MbILUMHOTO 
3MOpvoHa B BOspacte oKoo 11 cyTok (Ha craquu 25 comuTosB), mocse yero 
HauMHaeTCA e€€ HHTCHCHBHAA AuddpepenuupowKa. IIpumepHo wa 14—15 cyrku 
pa3BUTHA BbIABJIAeTCA THMM4HAA CTpyKTypa CemMeHHuKOB. J uddepenupoBKa 
AMYHHKOB MPOWCXOAHT HeCKOJbKO MefvieHHee —Ha 14—15 cyTKH 9MOpnHo- 
HaJIbHOrO pa3BHTHA OHH HMEIOT eMle BUA HeLMddepeHuHpOBaHHOH ToHaHl, u 
MepBbIe XAPAKTePHbIe€ CTPYKTYPbl B HHX NOABJIAIOTCA JIMWb Ha 16 cyrKu. B co- 
OTBeETCTBHM C 3THMM JaHHbIMH HW C MpeCTaBJICHHeM O TOM, YTO B MepHO HHTEH- 
CHBHOM ucdcdepeHMpoBKN OpraHbl OOslaqaioT HaHOO/buIeH paHOUyBCTBUTEb- 
HOCTbIO, OOMy4eHHe MpoMsBO_HIOCcb Ha 9—10, 11—l12 u 13—14 cyrKku o9mn- 
OpHOHabHOrO pa3BUTHA, T. e. B MepHOM, KOra TOHabl HHTEHCHBHO [udpdepen- 
IMpylOTCA, HO MOPosOrMyecKH ee «aACeKCYAaJIbHbI». 

Jina nowy4eHuA aTHpOBaHHOH OepeMeHHOCTH CaMKH, HaXOJMBIIMeCA B CTa- 
qluM mposcTpyca u acTpyca, noscaxKuBasncb Ha 16—18 yac. k camuamM. @MaxtT 
OMJIOMOTBOPeHHA YCTaHaBJIMBaJICA NO HaJIMUMIO BJlarasIMuJHOH MpOoOKH HM Ha- 
CTYMICHHIO LWIMTeIbHOrO AuscTpyca. B ykasaHHble BbILe CpOKH OepemMeHHOCTH 
CaMKH TO{Bepramuch y-oOmy4eHuto (Co), B qo3e 50 r, MpH MOLLHOCTH JOSHI 
30 r/muu. Tlocne o6myyeHuA 2KMBOTHbIC paccaxKuBaHcb moosqunouKe. Beuca 
yuer 4HCs1a MbILIaT B MPHHOCHMbIX HMM MOMeTax MH ONpeeAICA NOM HOBOpOXx- 
yleHHbIX. Onpemesenue mosla y MbILIaT MpOWSBORMOCb Cpasy mocle pow qeHuA 
WM MOBTOpHO B 3—4-HefebHOM Bospacte. J,aHHble OOOMX Oompefetenui Bcersa 
copnayaJn. 

B ta6n. 1 mpeacTaBseHbl JaHHbIe O YHCJIOBOM COOTHOLNIEHHU MOJIOB B MOTOM- 
CTBe Kak HeOOJIYYCHHbIX CAMOK, TaK H CaMOK, MOJBepraBuuxca y-OOyYeHHIO 
B pa3Hbie CpoKH GepemenHoctu. IIpuBeqenHbie AaHHbIe NOKAasbIBaIOT, YTO 0O- 
jryuenue sMOpnoHoB Ha 9Y—10 CyTKM pasBUTHA OOyCOBJIMBaeT 3aMeTHOe yBe- 
JIMMeCHHe YMCA CaMI[OB B MOTOMCTBe. ITa TeHeHUMA yCuIMBaeTCA MpH oOOuy- 
YeHHH 9MOPHOHOB B UHTepBaie Mexyy 11 u 12 cyTKamu u NouJlyuaeT Ha HaLleM 
MaTepHasle CTaTHCTHYCCKYIO AOCTOBEPHOCTh (R = 3). Oco6Oo HarsAQHO BbIABJIACT- 
CA H3MCHCHHeE UHCeCHHOrO COOTHOLICHHA MOJIOB MPH paCCMOTPeHHH XapakTepa 
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Ta6Oauna ft 


UncneHHoe COOTHOIMeHHE MOJIOB B MOTOMCTBEe o6Jly 4eHHEIX CaMOK 


UncneHHoe COOTHOLMIeHHeE NOJIOB BO BC€EM NOTOMCTBE 


BospactT 
eucenonoss sours ar easmerel Bcero scero | OG ua oo Maist = ™aitt* 
(cyTKH) 2.9 SS | 10 22 | 9940S 
oe. 6,65-L0,21 324 334 103,14 | 0,54+0,02 
ye 28 8° 304.0'32 79 104 138,7 | 0,58+0,03 | 0,07-+-0,04 
114—12 68 6,16--0,19 168 261 149,4 | 0,60+0,02 | 0,09-+-0,03 
13—14 39 5, 99-40, 27 144 121 109,0 | 0,52+0,02 | 0,01-L0,03 


*B cpaBHeHHH C KOHTpOJieM. 


pacripelesleHHA TOMETOB B 3ABMCHMOCTH OT OJ B HUX CaMILOB. Ha puce. | opn- 
BeeHbI KPHBbIe TAaKOFO pacnpeseeHUA AIA MOTOMCTBA, MOJIYYeCHHOrO OT KOHT- 
POJIbHBIX CAMOK HM CaMOK, OOJIYYCHHBIX Ha 11—12 cytku OepemeHHocTH. 


9» IIpu paccmoTpeHuu pe3yJIbTaTOB OOyue- 
ae Hua SMOpHoHOB Ha 13—14 cyTKu pa3BuTuA 
re} MOXKHO BuAeTh (TaOm. 1), 4YTO 4HCOBOe CO- 
~ OTHOLIeHHE NOOB 3feCb MpakTHYeCKH HOp- 
& MaH30Bal0cb. IlostomMy MOXHO CUHTATb, 
S yuTO KPHTHYeECKHH NepHol BpeMeHH (B OTHO- 
a 0 IW@€HHH HapYyWICHHA YHCJICHHOrO COOTHOLICHHA 
S$ NOOB) OrpaHuyeH 9Y—12 cyTKamuH OepemeH- 
a HocTH. He ucksoueHO, 4TO HCTHHHAA Ju- 
0 


T@JIbHOCTb JIaOHJIbHOrO COCTOAHHA 3MOpHOHA 
HeCKOJIbKO MeHbue. MoxHO mpennouarath, 
"994007 = aus uTO B Halll€M 9KCMepHMeHTe (mpexye Bcero, 

W3-3a TeHETHYeCCKOH HEOXHOPOAHOCTH 2KHBOT- 

Puc. 1. Uncnennoe pacnpeqenenne Ex) MpOXORMeHHe COOTBETCTBYIOMLUX CTaLui 
ae aes ae pee ees amMOpHoreHesa ObIvIO aslekKO He CHHXPOHHbIM. 
ObiH oOnyyeHbt B Bospacre 11—12 BepoaTHO, mpH Oonee JeTaIbHOM aHasuse 
cyTOK, 2 — KOHTpO/Ib (6e3 odsyue- ABJICHHA MOKHO Oy eT yeTKO OFPaHHUHTb. 
HHA) CpOKH 9*peKTHBHOTO BMELUATeJIBCTBA, ClelaB 

ero B TO 2Ke BpeMa ee Comee TeHCTBEHHBIM. 

IIpupeyenupie B paOoTe (akTbI HEsIb3A HE COMOCTABHTb C JaHHbIMU, NOsy- 
YeHHDIMH B HCceqoBaHHH J[2KoOa, JleHOonga u DutTymaypuca (7). Lutupyempie 
aBTOPbI YTBepK]aJu, TO PeHTTeEHOBCKOe OOJyYeHHe SMOPHOHOB KPbICbI (W03a 
35—50 r) B Bospacte 9—11 cyToK MpHBO_UT K TaKOMY COOTHOLIEHHIO NOOB, 
Kora Ha 100 camok poxlaetca B cpeyzHem 160,6 camuos. MbI BnomHe CormacHbl 
c Pacceau (*) B TOM, 4YTO NOCKObKYy B padoTe J[>KO6a HU Ap. He NPUBOLATCA aH- 
Hbl€ O KOJIMYECTBE MOTOMKOB, MOJIYYCHHBIX OT OOJIYYCHHbIX XXHMBOTHBIX, H OTCYT- 
CTBY€T KOHTPOJb,— H@JIb3A CUHTATb yTBepxKeHHe, eaemoe aBTOpamu, O60- 
CHOBaHHbIM. Bmecre c Tem HasMuNe OObUOrO COBNayeHuA TaHHbIx (eCsIM OC- 
TaBHTb B CTOPOHE BUAOBOe pasIMUHe OObEKTOB) ABYX H€3aBHCHMO MIPOBEeHHbIX 
HCCJIEQOBaHHH HE TOJIbKO B OTHOUICHHH OCHOBHOTFO BbIBOa, HO HM B OTHOLICHHH 
atpPeKTHBHbIX 03 H CPOKOB BOSJeHCTBUA, Tak 2%Ke KaK H CXOJCTBO B YHCCHHOM 
COOTHOIEHHH MOJIOB, BECbMa 3HaMeCHATEJIbHbI. OHO TeM OoOsee MOOOMBITHO, ¥TO 
MbI Y3HaJIM O CYeCTBOBaHHM ucCeqoBaHuA J>KoGa uM Ap. Mlb MOcne Toro, 
Kak NOJYYAIH COOCTBEHHBIM SKCICPHMCHTAJIbHbIM MaTepHasl. 

EcaM CuHTaTb, YTO MPCHMYLeCTBEHHOe NOABJICHHe CaMULOB BbISBaHO OGuIy4e- 
HHeEM, TO STOMY MOXKHO JaTb Ba OObACHeHMA. CorsmacHO OHOMY, NpHuHHok 
M3MCHEHHOTO COOTHOUICHHA MOJIOB ABJIACTCA H3ONpaTebHaA ruOeNb nod BAN- 
AHEM pajnaliuu sMOpHoHOB camoK. J[pyroe cBoquTCA K JONYUIeHHIO H3MeHe- 
HHA HalpaBJICHHA PasBUTHA 9MOPHOHOB CaMOK B CTOpOHy camuos. IloceqHee, 
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G250, G500 O70. 1 
SK ; 


B CBOIO OYepeb, MOXKET ObITD COM3aHO PAY MpuyHH, O1Ha U3 KOTOPbIX CBA3aHa 
c moTrepeli X-xXpOMOCOMBI. 

PaccMorpuM, KaKHe apryMeHTbI MOryT ObITb IpHBeMeHEI B NOWIb3sy udpcpe- 
PeHUHalbHOH rMOeIM sMOpHOHOB. Ora runoresa, npexye BCero, mpeqnomaraer 
YMCHbINCHHE UHMCJICHHOCTH MOMETOB, MOJyuaeMbIX OT TeX OGJIYYCHHbIX CaMOK, 
B MOTOMCTBE KOTOPBIX HaOsOMaeTCA MCKaKeHHE YHCIOBOTO COOTHOIMeHUA T10- 
os. Kak BUXHO 43 JaHHbx TaOu. 1, HeGombmMI0e MH Ha HauIem MaTepHaue cTa- 
THCTHYCCKH HEJOCTOBEPHOe YMECHbIICHHE UMCJICHHOCTH JeHCTBUTeIbHO MMeeT 
Mecto. IIpapgqa, HyXHO OTMeTHTb, YTO OHO He BCera CONpoBomaeTcA u3Me- 
H€HH€M YHCJICHHOrO COOTHOWICHHA MOOB. Tak, mpH oOsyyeHuH camoK Ha 14 
J@Hb OepeMeHHOCTH HaGwOMaeTcaA HanNOoubuIee CHYXKCHHe 4NCa MBIUel B TO- 
MeTax IIpH MpaKTHYeCCKOM PaBEHCTBE KOJIMYeCTBa CaMOK HM CamuoB. M3BecTHBIM 
apryMeHTOM B MOJb3y AuddepenuuasbHoK ruOenmM 2MOpHOHOB ABJAeTCA TO 
OOCTOATEMbCTBO, UTO C YBEMMYCHHEM JO3bI OOJYYeCHHA He TOMbKO He MIpoHcxo- 
AMT YCHJICHHA CABYTa B COOTHOLICHHH MOJIOB, HO HMECT MECTO BO3BpaT XK HOp- 
MaJIbHOMY COOTHOWMeHHIO. OTO OCOCTOATeMbCTBO, OTMeYeHHOe B paboTe JIxO6a 
M [Ip., HAXOAMT H3BECTHOe NOATBeEPKeHHe B MaTepHadax, NOJyueHHBIxX Pacceww. 
AnaJM3upysx BO3MO%KHbIC MPHUMHbI OTCYTCTBHA MPCHMYLIeECTBeHHOrO MOABVIe- 
HHA CaMILOB B €€ 9KCTIepHMeHTax (°), MbI OOpaTHIM BHUMAaHHe Ha TO, 4TO Paccena 
pH OOyyeHHH SMOpHOHOB MBIUel B BO3pacre 9—12 He uCcnOb30Basa OT- 
HOCHTeJIbHO OObUIMe JO3bI BosfeicTBua (100 r u Bplme). B Tex xe cnyuasx, 
KOrla HCCJIeLOBaIUCbh MeHbIUHe JO3bI OOyYeHHA, Opanucb Oomee panHue crTa- 
MM pa3sBuTHa 2MOpHMoHOB (*). CuatTue addexTa C yBeJIHYeHHeM O3bI TPyLHO 
OObACHHTb, HCXOJA H3 THMOTe3bl H3MCHCHHA HaNpaBeHUA pasBUTHA MOVIa. 
Bmecte c TeM, C TOUKM 3peHuA AuddepenuuasbHOH ru6enM OHOrO 43 NOVOB, 
Mp JOMyWMeHHH NOporoporo xapakTepa OTJHYMA YPOBHA paHOuyBCTBUTeIb- 
HOCTH 9MOPHOHOB CaMOK HM CaMILOB, OHO BnOvIHe NMOHATHO. M3pecTHbIM JOBOJOM 
B MOJIb3y THNOTeSbI H8OHpaTebHOH rHOeIM IMOPHOHOB OHOrTO MoOsa MOryT 
TAKMKe CUHTATbCA (PaKTHI, NMOWyYeHHbIe B uccegqoBaHuAx Mocrta (*,*) u PeiHo u 
@Mpussnen (*). QTH aBTOPbI NOKAa3asIM, ITO KacTpallua (KaK xXupypruyeckas, 
TaK HM JlyyeBad) SMOPHOHOB CaMOK MJICKOMMTAaIOUMX (KPOJIMK, MbIllb) Mmpak- 
THUCCKH He MIPHBOAMT K U3MCHCHHIO Pa3BHTHA BTOPHUHO-NOJIOBbIX MpH3- 
HakOB, TOrJa KaK KacTpalluA 3IMOPHOHOB CaMIOB HampaBsaeT pa3sBHTHe 
HapPyXKHbIX FeHHTaIHi WO THMy CaMKH. Takum OOpa3oM, JlyueBad cTepHH3a- 
IIMA IMOPHOHOB (eCJIM OHA MMe/Ia MeCTO) WOJIKHA Oblla MpHBecTH K MOp(po- 
JIOTHYeCKH YCTAHABJMBaeMOMYy YBeCJIHUCHHIO UMCa CaMOK, a OTHIO{b He 
CaMILOB. 

Bce apryMeHTbI, KOTOPbIe MOryT ObITb B HaCTOAULee BPeCMA MPHBeeHbI B 
NlOJIb3y THMOTe3bl H3MCHCHHA HalpaBJIeHHA Pa3sBUTHA NOJla, HMCIOT KOCBCHHBIM 
XapakTep WH ABJIAIOTCH Kak Obl AOKa3aTeJIbCTBAMM OT TIpOTHBHOrO. Tak, eC 
BepHa rumotTesa AuddepenunabHoH rMOeH, TO B Tex CJlydaix, Kora OOsy- 
yeHve OepeMeHHbIX CaMOK TIPHBOAHIO K pox WeHHIO u3ObITOUHOrO 4NCIIa CaM- 
IOB, JOKHA Oblla HaOMOMaTbCA OTPHWAaTebHaA KOPPeIAUHA MExKLY UHCIeH- 
HOCTbIO MOMeTa HM Oe B HeM CaMILOB. BErmucsIeHHe COOTBETCTBYIOWINX KOaPpdpH- 
IHeHTOB KOppelAMe (7) MOKAa3aJO, YTO AVIA KOHTPOJIbHOH Cepun r = + 0,206 
+ 0,096, rorga Kak Jia Cepuu, B KOTOPOH CaMKH OOsmy4asNCcb Ha 11—12 cyrt- 
KH 6epemennoctu, rv = + 0,001 + 0,121. Orcioqa MoxHO 3akJIOUNTb, UTO 
TOJIYYCHHbIe 3HAYeHHA KOSPPMUNEHTOB KOPPeAWMU HE MOATBEPxatoT rumore- 
3y AuddepenuuambHol ruOenu. BosmMoxKHO, YTO Ha BeEMMYMHY KOSPULNeHTOB 
KOPpeuIAWLMH OKa3aIH JOCTATOUHO CHJIbHOe BJIMAHHE KakHe-HHOyb HE KOH- 
TPOJMpyeMble B SKCMCPHMEHTe YCJIOBHA, MECLABLIMe YJIOBHTb Ha OTHOCHTEJIbHO 
HeOOJIbLIOM MaTepHase HHTepeCyIOWy!o HaC 3aBHCHMOCTH. ; 

JpyruM KocBeHHbIM apryMeHTOM MpOTHB MpeAnonoxenuA 00 us6upaTeMbHOH 
ru6eu CaMOK (M TeM CaMBIM, B H3BeCTHOM Mepe, B MOJIb3y THNOTe3SbI H3MCHCHHA 
HampaBseHHA Pa3BHTHA MOMa) MOXKeT CUHTATbCA OOJIbUIAA YYBCTBUTEMbHOCTS 
He CaMOK, a CaMILOB K pa3HOOOpasHbIM HeOsalONPHATHbIM BHELIHHM YCJIOBUAM. 
@axkTb! Sobel YYBCTBHTCJbHOCTH CaMIOB yCTAHOBJIeHbI B psxe paooT mpH 
M3YYCHHH CaMbIX Pa3JIMYHEIX OObeKTOB (*""!). Tak, B YaCTHOCTH, JJ HeKOTO- 
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pbIX JIMHHM MbIMelH NOKa3aHa OO/bINaA PaJMOUYBCTBUTCJIbHOCTb CaMILOB 0 


CpaBHeHHIO C CaMKaMH (?%). 
Jlia OkoHYaTebHOrO peWIeHuA BOMpoca O TOM, KaKOBa MpHunHa, OOyCroB- 


JIMBatollad HapyWIeCHHA UHCJICHHOrO COOTHOUICHHA NOOB Mp y-o0uly4enun 


SMOPHOHOB, TpeOyioTcA JaJibHeHWIMe HCCIeMOBaHHA. 


MockoscKHi TrocyNapcTBeHHbI YyHHBePCHTeT Ilocrynu10 
um. M. B. JlomMonHocospa 14 V 1958 


Uactrutyt 6uodpu3snku 
AkajlemMuu Hayk CCCP 
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rams, Proc. Soc. Exp. Biol. and Med., 76, 4 (1951). 
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TEXHHYECKAA PH3HKA 


M. Bb, MAKOFOH, B. E. MAHHH, B. © CYXOBAPOB, JI. M1. ABPAMELL, 
A. Jl. KOPOTAEB wu H. A. WEPBAKOBA 


O POJIM BHEWHErO HAMPSSKEHVS B PA3SYNPOUHEHMH 
NPM MJIACTHYECKOM JE®OPMALLMM 


(Tpedcmaeaneno axademuxom I. B. Kypdromoseim 7 V 1958) 


HspecrHo, 4TO B HamlpAXKeHHOM MaTepHasie 3aMeTHO yckOpsetca TeyeHue 
AupPy3HOuHbIx mpoweccos (*~*). B cBa3su c TeM, 4TO mpouecch ormbixa (pa3- 
yIpOuHeHUA) MeTaJJIa Np ero MepOpMHPOBAaHHH B 3HAUMTebHOH CTeneHH ONpene- 
JAIOTCA AupPy3SMOHHbIMH AaKTaMH, BHeWHHe JePpopMupyroulwe HanpsxKeHuA 
JOJKHbI OKA3bIBaTb CTHMYJIMPytoulee BO3ACHCTBHe Ha MHTCHCHBHOCTb ynoMs- 
HYTHIX IIPOMeccos. 

Takoe BJIMAHHe BHEWHEFO HaNpAKeHHA Ha MpOecchl pasynpounenusa Opiio0 
B JlCHCTBUTEJIbHOCTH 9KCICPMMeCHTAJIbHO yCTaHOBJeHO B (7-14), OnHaKO BO BCex 
STUX HCCeEMOBaHUAX SPekT Obl NomyyeH B CHewMpHyeCKUX yCMOBUAX ecop- 
MallHH (H3MeHeHHe CKOpOCTH AeopmalnH (7), H3MeHCHHE CXeMbI HallpsAxKeHHO- 
ro cocrosuua (°""!), B yclOoBHAX penaKkcauun (§)). [IpeqcraBaadoch nosTomy 
iemecooOpa3HbIM MOMbITaTbCA SKCICPHMeCHTAJIbHO YCTAaHOBHTb HasIM4uHe CTH- 
MYJIMPYIOUlerO BJIMAHHA BHeUIHeETO HanpsaxKeHHA HA MHTCHCMBHOCTb OTbIxXa 
HeEMOCPeACTBEHHO B mpolecce CaMOH MulacTHyecKOH JedopmMalluu, a TakKxKe HC- 
CNe€MOBATb BIMAHHE NPHPOMbI MaTepvala HM yCOBMH WePpopmMupoBaHuA (cKOpoO- 
CTH, TemmepaTypbl) Ha BeIMYMHY ykKa3aHHOrO addexTa. 

Matepuasiom JIA MCCeMOBaHUA C/y2KUIa S/eKTPOMMTHYeECKAA Melb H ee 
cnsapyt c Ni, Al (5; 10; 15 ar.%) u Zn (5 ar.%). Boi6op maTepuana no3Bo- 
JIM YCTaHOBHTb BJIMAHHe H3MeCHEHHA CHI CBASH Ha JaHHOe ABJIEHHE. 

Bce o6pa3upr (d = 11,00 + 0,01 mm, h = 7,00 + 0,01 mm) aecsopmuposa- 
such CxKaTHeEM ZO 30% MpH KOMHaTHOM TemMnmepaType CO cpemHeli CKOpOCTbIO 
4,3%/mun. Jlanee ofHa NOMOBHHa AecOpMupOBaHHbIX OOpa3sloB MoOsBeprawacb 
BTOPHUHOMY OO62KaTHIO Ha 4—5 % Co cKOpocrbio ~0,05 MM/ MuH mpH MOBBILMCHHBIX 
remnepaTypax, JleKallMX Ha OTHOCHTEJIbHO TOPH3OHTAJIbHOM yUaCTKe KPHBOM 
peKpucTasu3aluu. OOpasubl MeqH u ee cmulaBa c 5% Zn ResopmMupoBanuch 
M MIpH Goviee BbICOKHX Temnepatypax. J[pyraa nomoBuHa OOpaslloB OTKHTaacb 
Mp TaKUX 2%e TeMMepaTyPHO-BPCMeHHbIX YCJIOBMAX, B KaKUX NepBaxn Medop- 
MHpOBalacb, OAHAaKO MpH STOM OOpaslbI He MOABeprasMcb HUKAaKOMY BoOs/Jeli- 
CTBHIO BHeWIHHX HanpsAxeHHH. TemnepatTypbl edopmalluu B OJHOM Culyyae 
uM OTKHTa —B Apyrom coctaBssu: Qua Mequ 100; 150; 200; 225; 250; 300 
uv 350°; cnaaBos Cu—Ni 300; 350; 400; 450 u 500°; capo Cu—Zn 200; 250; 
300; 350 u 450°; cnmasosp Cu—Al 250; 300; 350; 400 u 450". Bpi6op BbICOKHXx 
Temnepatyp oOOpa6orKH OOpasloB Obl OOYyCOBJeH MaJIOH MHTCHCHBHOCTHIO 
Mpoweccow OTAbIXa HCCeyeMbIX TYFOMMAaBKHX METAJJIOB HW CIaBOB IPH KOM- 
HaTHOH Temmepatype. : 

Tak Kak OAM OOpasi{bl MOABeprasuCh OHOBPeMeHHOMY BO3eHCTBHIO TeM- 
mepatTypbl H BHeWHUX HanpAxKeHHH, a ApyrHe — BosLerCTBMIO OLHOM TOJIbKO 
TemnepaTypbI, TO MO HX COCTOAHMIO MOCIe yKasaHHbIXx oOpaOoToK MOXKHO OblIO 
CYAMTb O XapakTepe BJIMAHHA HalpAKeHHH Ha MHTCHCHBHOCTb MpoleccoB pa3- 
ynpounenua. XapakTepucrukol 9TOrO COCTOAHUA Ciy%KMJIM COMPOTHBJeHHA 
Jeopmalun oOpasiloB pH KOMHaTHOM TeMMepaType pH MX mMocueRyIOHleM 
062KaTHH Co CKOpocTbIO ~4 %/MHH JO OAHOH H TOH %Ke HeOOMbINON CTeneHH eop- 


Mallyu, 
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Kpupple TeVCHHA LJit OMHOTO H3 CMIaBOB MIpPHBeCHb! Ha PHC. 1. Kak BuyqHO- 
u3 pHcyHKa, pasympouHeHne No Harpy3KOM MPH MOBbIMCHHOH Temmepatype 
(kpuBaa 2) MpOHCXOAMT HaCTOJIbKO HHTCHCHBHO, ITO CompoTuBseHHe Wedopma- 
IMM Naflaer c ee yBemMueHHeM.C pocTom TeMMepaTypbl jecbopMallwvH CHHKeHHe 
COMPOTHBJIeCHHA CTAHOBUTCA Oosee SaMCTHbIM. IIpu mpouux paBHbIxX yCJIOBHAX 
OHO Goulee pe3KO BbIpPaxKeHO JIA CIaBOB CHCTeM Cu—Al, Cu—Zn, uem Aaa 
cnuaBoB cucTemb! Cu—Ni. 

Becbma oka3aTeqbubl JaHHble mocuezyrouero (TpeTbero) oO2KaT Hs (KpuBbIe- 
3, 4). Bo scex culyuaax KPuBbIe TpeTbero oOsKaTHA Mp KOMHATHOHM TemMepaType 

OOpa3iloB, HCIbITaBLUMX TOJIbKO OT- 


Hin?  *Sxur nocse xomOqHOK LecbopMalLuu 
I5 (kpuBad 3), UAYT BbILMe KPHBbIX 
Ee o6KaTUA OOpaslOB, MCMbITaBLUIAX 

5) BMECTO OTKHTa HEOOMbIIyI0 Aeop- 

= Malluio IIpH TemMmepaType, paBHOH 
8 2 TemnepaType OTKuHra nepBoH nap- 
& THM OOpa3sloB (KpuBaa 4). Orcio- 
8 yla ACHO, 4TO MacTHuecKand Me- 
aa cbopmalna (4M Harpy3Ka) BBI-- 
2 3Balla JOMOJHUTeIbHOe pasympou- 
a) HeHHe. IIpu Oonbummx epopma- 
e IMAX KPHBbIE TpeTbero OO*KAaTHA 


20 & @ 024602 4 bh JBYX YKa3aHHbIX MapTHH OOpasiloB 

Omnocumensnan deopmayun CIMBaIOTCA B pe3yJIbTaTe Medop- 
Puc. 1. Coxxatue cnaasa Cu+ 5% Ni. 1—nep- MAWHOHHOTO YyIpouHeHHA. Tlosto- 
BHYHOe CKaTHe, TemMnepatypa 20°; 2—srTopuu- My 9PpekT pasympounsArowsero en- 
Hoe cxKaTHe, TemMepatypa 500°; 3—cxKaTHe npH CTBHA Harpy3KH, BepOATHO, He 


KOMHATHOH TemnepaType Mocue oTKura MpH 500°; oper ObITb oOHapy2keH MeTOJIOM 
4— cxKaTHe NpH KOMHAaTHOM TemmepaType Mocue 


,. BTOpuuHoro O6xKaTHA Mp 500° : TBEPAOCTHs 


SSS Ji1A KOMWUeECTBEHHOH OLe€HKH 


MOJIYYeHHOrO acpdekTa Obl BLIMHC- 
JleHb! KOSPPMIMEHTHI Pas yMPOUHeCHHA NO Harpy3KoH, OmpeesAeMbIe Kak OTHOLLE- 


HH€ Pa3HOCTH CONPOTHBJIeHHH AepopMalluy MpH OAMHAKOBOM CTeMeHH TpeTbero 06- 
*KaTHA OTOKKCHHHIX HW LEPOPMMPOBaHHbIX MpH TemmepaType OTHKUTa OOPa3sloB- 
K COMPOTHBJICHHIO JeEPOPMaLlMH OTOXKKeHHIX OOpasioB. B Ta6n. 1 npuBeeHbI 
TaKHe KOSPPHIUHEHTHI JIA CTeMeHH TpeTbero OG KaTHA ¢ = 5% nocme oTKUTA 
WM nocie BTOpHuHOrO OOxKaTHA pH TemnepaType 350° mzua pama uccseqoBaH- 
HbIX CIJIaBOB. 

Kak BuqHO u3 Ta6n. 1, IpHpowacnaBa He CKa3bIBaeTCA Ha 3HAYCHHH KOS(p- 
(puluMeHTa pasynpouHenua K pH OTHOCHTebHO MasOM COfepxKaHHN wern- 
pytoulero aementa (5%) M OTYETIMBO NpoABAAeTCA Mp Combuel KOHLeHTpa- 
WMH TpuMecw B crislape. CnaBbl cucTemp! Cu—Al pasynpounsiorca 3aMeTHO- 
MHTCHCHBHEe, YM COOTBETCTBYIOUIME CHaBbl CHcTembl Cu—Ni. II]pu 3Tom yse- 
JIM4eHHe COMepKaHHA aJIOMMHHA B Me yCHIMBaeT CTUMYJIMPYyroulee BIIMAHHE 
BHCWHEPO HalpAXKeHHA, a YBeIMYeHHE COJepxKaHUA HUKEIA, HAOCOPOT, yMeHb- 
maeT ero. 

TloyuenHbit pesybTaT HaXOAMTCA B COOTBETCTBHH C H3MCHeHHeM CHI CBA- 
3H B MCCeyembIx cucTemax (#714). TIpw qoOapnenuu K MeAM HUKeA CHEE 
CBA3H B CHCTe€Me€ BO3pacTalOT, YTO CMOCOOCTBYeT YMCHbIICHHIO HHTCHCHBHOCTH. 
MupPy3HOHHBIX MpOlleccoB, a CeLOBaTeIbHO, WH Mpoueccon pasynpouHeHHUs. 
JloOapka K MeJM aJIOMMHUA WM WMHKa, YMeCHbUIaIONIMX CHIBI CBA3K B pemerKe, 
OKa3bIBae€T MCHbIIee BJIMAHHe B 9TOM HampaBueHnn. 

CnuiaBbl MeqH C HHKeeM TOJBepramHch BTOpHYHOMy OOx«KaTHIO npu 
BBICOKUX TemMMepaTypax C TByMA CKopocTramu (0,05 u 0,005 mm/muu). Coorset- 
CTBCHHO ObWIM Pa3IMYHbI H QIMTeIbHOCTH OTKUTAa AA MapaenbHbIx o6pas3- 
LOB. 

YMeHbUICHHe CKOPOCTH BTOpHuHOrO OOxKaTHA, yBeIMIMBAA BpeMA mpeOpi- 


BaHHA OOpaslla NOL Harpy3KkOi, NpuBeNO, KaK M CAeqoBaNO oxKUMaTb, K yBe- 
220 


mG. ©; IL.o6k a.1,1.0, 
1 3B. H. Tanunos, KT, 25, s. 5 (1955). 


Temmepatype 350°. Hayampuaa cTeneHb o6xaTua 30%. CkopocTs BTopuyHoit 


TaoOaunua 1 
‘Kospduyvertbl pasynpowweHua MeZHBIX CIWaBOB B Mpollecce mmacTuyeckol pesbopmauHH np 
jepopmalun 
~0,05 mM/mun. 


Jlerupyiojaa upumecb 


Zn 5% Al 5% Ni 5% Al 10% Ni 10% Al 15% | Ni 15% 
Some KT /un? PA lige ea 5 56,0 39,0 67,5 | 49,0 
Syeqge KT [ane Ba a2) 34,0 52,5 37,6 63,0 | 48,2 
oO —o 
See EO A 00N 5 4 h 6 3 7 2 


JIMYCHHIO CTHMYJIMPYIOWerO BJIMAHHA BHEWIHeErO HallpsAxKeHHA Ha pasympouHe- 
Hue pH AedopmMalyn. 

C ypejmueHHuem TemnepaTypbl RecbopMayuu (4 oTxKHra) cTuMyIMpyromree 
BJIMAHHe Harpy3KH Ha pa3ympouHeHHe BospacTaeT. Ecum ompeleaTb 9TOT 
‘adpeKT NO MPHHATOH B MaHHOW padoTe- 
MeTOJHKe, TO C yBesIHYeHHeM TemmepaTy- 
pbl OH CHaYasla BO3pacTaeT, 3aTeM B HH- 
‘TepBase TemnepaTyp peKpHcTanIM3alnn 
MlaflaeT, a mpH Oomee BbICOKHX Temmepa- 
Typax CTaHOBHTCA JlaxKe OTPHLaTebHbIM 
(puc. 2). B stom mocneqHem cayuae B 
mpolecce OTKHra, MO-BHAMMOMy, ycmeBa- 
1OT CHATbCA BCE HCKaKeHHA, CO3aHHbIe 
TIpe{BapuTeJbHOH MecsopMaluen mpH kKOM- 
HaTHOH TeMMepatype (peKpucTasu3alluN), 
‘Tora Kak espopMallusA pu 3ITHX BBICO- 
KMX TeMMepaTypax, Hapsayy CO CHATHeM 
HakJiena, BbI3bIBAeT OOPa30BaHHe HOBBIX 


Kiyo? 


& 


Yemunnoe wanprocenue 
Ss 8 


200 


250 «00 350°C 


MCKaxKeHHH, Ooslee yCTOHYMBbIX HW He CHH- 
MAlOILHXCA MOJIHOCTbIO B Mpomecce edop- 
Mall Mp WaHHbIx yCJIOBHAX. 
TlomyueHupie B paOoTe aHHble MoryT 
‘CLYKUTb 9KCHEPHMEHTAJIBHBIM JOKAa3aTeuIb- 
‘CTBOM CYIICCTBOBaHHA pasynpouHeHHA 
npH AepopMalluu M CTHMYJIMPYIollero BJIH- 
AHUA BHEWIHeETO HallpAxXeHHA Ha eFO HH- 
TCHCHBHOCTb. CreneHb 3TOTO pa3ylpouHe- 


Puc. 2. Comporupsenue wedhopmMalHn Me- 
UM Mp TpeTLeM CxKAaTHH MpH KOMHATHOK 
Temmepatype (fo e=2%) B 3aBHCHMOCTH 
OT TeMMepaTypbl oTKHra HM Temmepaty- 
pbl BTOpHuHOH epopMawun. /—Haksen 
IIpH KOMHaTHOH TemMepatype, mocseny - 
IOWHH OTKUT; 2—HaksIen NpH KOMHATHOH 
TemlepatType, mwocwelyroulat  BbICOKO- 
TemlepaTypHad JedopManua Ha 4—5% 


HHA 3aBHCHT OT yCJIOBHH ecopMalluH (Temmepatypa, CkOpocTb) H MpHpoypl 


JecsopmMupyemoro civiaBa. 


CuOupckul cbu3sHKo-TexHHueckHi 
HAay4HO-HCCIEMOBATeIbCKHH MHCTUTYT 


mpH ToMcKkoM rocyapcTBeHHOM yHHBepcuTerTe 


ym. B. B. Ky6pmuesa 


Iloctynusio 
29 IV 1958 
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TEXHHYECKAA PH3HKA 


Unen-Koppecnonzent AH CCCP H. A. OHH u B. H. PFEMAHOB 
HOBAS 3AKOHOMEPHOCTb JWIMTEJIbBHOW MPOUHOCTH 


Pa6oramu (1~°) uw Ap. Oblla MOKa3aHa HeMPHFOAHOCTb CTeENeCHHOH 3aBHCHMO- 
CTH JJIMTeJIbHOH MPOUHOCTH 


t= Bo’ (1) 
MW Obl MpeWWIOKeH IKCMOHCHUMAJIbHBIN 3aKOH 
a aad, (2) 


B pa6otax (°~°) yka3bilBaylOCcb Tak2Ke Ha MpPHOJIMKEHHOCTh 9KCNOHEHIMAIbHOU 
3aBHCHMOCTH H €€ MPHMCHHMOCTbh JIMWIb IPH COOmOMeHHH ycoBUA «’o > 1,6. 
Ha ocHoBe KOHIeCMUHH NOBpexkKaeMOCTH MeTaJiJiIa TIpH ero culy2xOe, HCXO- 
AAUWeH U3 WHCOKaWMOHHOH TeopHu, B padotax (°,°) OblIO BbIBeAeHO CuleLyr1o- 

mee ypaBHeHHe JVHTebHOH MpouHOcTH: ; 
t= A/shao:»sh Bo, (3) 


3yecb H Janee t —CpoOK ciy2xKO6bI; o — HanpsaxKeHue; a’, «, 8’, B, A’, B, A— 
KOSPPHUHEHTHI. 

B metauie mpv ero CilyxKOe MO HanpsAxKeHHeM HakaMJIMBalOTCA NMopox]a- 
€MbI€ JBYXKYULHMHCA JMCOKalMAMH BaKaHCHH, 3aTeM KOaryJIMpyroulHe B MHK- 
PONOpb!l H MHKPOTPeCLLMHHI, MPHBOAUIHe, B KOHEGHOM HTOFre, MeTaJJI kK paspy- 
ieHHI0. DbllIO NOKA3aHO, YTO 4YHCJIO HAKONHBUIAXCA BakaHCHit 

Nera Ot An Sao, 
Te Up—CKOPOCTh mo3yyuectu, m’— KkosdpunvextT. IIpupaBynsaa Ny uncay 
BakaHcHH Np, NpHBOAAULeMy MeTaJII K paspyuIeHHto, 

Ny = Ny = A, /sh Bo, 
JierkKO MIpHHTH K ypaBHeHHio (3). 

Korgla OHOBpeMeHHO ao >>1,6 nu Bo>>1,6, ypaBHenue (3) mpeBpamaeTca B 
ypaBHeHue (2). 

OyHaKO aHaJIM3 9KCHEPHMCHTAIbHbIX AHHbIX MOKAa3bIBaeT, YTO ypaBHeHHe 
(3) Maer NpH MaJIbIX HaMpAXKeHUAX, KOFa OHO HE MOKET ObITh 3aMeHEHO ypaB- 
HeHveM (2), 3aHH2KeHHbIC 3HAYCHHA CpOKa CiyKObI MeTasia. K sToMy xe MpH- 
BOJMT HU Oosee TULATeJIbHbIN TEOPeTHYCCKHU aHaJIM3 Mpolecca NOBpPexaemocru. 
meTaJla. 

Ypapuenne (3) oToOpaxaer (uepes KOadXpHILNeHT 4) TObKO Mpolecc HaKO- 
MJICHHA BakaHCHH, HO B 3TOM YpaBHeHHH Mpouecc He AeTalHsHpyerTca u He MpH- 
HHMaloTcCA BO BHHM@HHe MPOTHBOeCHCTBYIOWIHE HaKOMJIeCHHIO BakaHCH (bak- 
TOPHI, a MOCJIeTHHe JOJKHbI HI paTb 3HAYHTEIbHYIO POJIb MPH MaJIbIX HalpsxKe- 
HHAX (pH OoubuHxX CpoKax CulyxKG6bI). 

CrarucTuyecku pacmpeseneHHble mo Tey 3epHa (paccesHHble) BaKaHCHH AB- 
JAOTCH CKOPee MOTECHIMAJIbHbIMM, UCM HEMOCPeACTBCHHbIMA HCTOUHHKAMH pas: 
PylWIeCHHA MeTaJJIa, HM MPHBOAAT K Pe3KOMY CHHKeHHIO NPOYHOCTH JIMLIb Co6- 
PaBUIMCb B KOJIOHHH.} 

HanOonee OnaronpnaTHbIMH OObeMaMH JIA COOMpaHHA KONOHNA BaKancnii 
ABJAIOTCA OObEMBI MeTaJIJIa, PaCNOJIO*KeHHbIe y MOBepXHOCTel pashena. Stumy 
NOBECPXHOCTAMH ABJIAIOTCA PpaHUllbl 3EPeCH HM OOKOB, MJIOCKOCTH CKObKeHHA, 
rpaHHllbl ABOHMHUKOB, NOBepXHOCTH MUKpONOp HM MUKpoTpemuH. ToBepxuocty 
BTOPHUHbIX (pas (pas cTapeHua), rasOBble M HEMCTAJJIMYeCKHe BKJIIOUCHHA TAKIKE 
222, 


Cie€qyeT OTHECTH K NOBEPXHOCTAM pa3yena. Bo Bcex sTux mecTax clleqyeT OKH- 
AaTb HavOOMbIUHX BeIMYHH M rpaHeHTOB HallpAxKeHHH U, Ce,OBaTenbHO, 
CKONJIeHHe H OCaxKeHHe BakaHCHl 3fecb OyAyT HaHOoMbIUUMH. 

OgHoBpemenHo C HakOMJeHHeM PacCeAHHbIX BaKaHCH H C POCTOM pa3sMepoB 
HX KOJIOHHH 3a CUe€T MpHTOKa BakaHCHH UZeT NPOTUBOMOMOXKHO HallpaBJIeHHblit 
Mpolwecc YMeHbINeCHHA pasMepoB 
MX KOJIOHHH 3a CueT aHHHrHsA- 
UHH BakaHCHH MpH BcTpeye c 
Onyx atoumumMu (nox jJelicrBuem 
CamoyudpySHOHHBIX ABJICHHIi) aTO- 
MaMH H 3a CyeT OCaKJeCHHA STHX 
aTOMOB Ha NOBePXHOCTH KOJOHUT 
BakaHCHH. OueBuyHO, pas3pacta- 
HHE KOJIOHHH BakaHCHii BO3MOxXx- 
HO JIMIUb Mp npeoOlaqanuu mpo- 50-60 ae. ige 
mecca MpHTOKAa BaKaHCHH Hay 
MpOWeccOM MpHTOKa aTomoB. C 
YMeHbUIeCHHeEM o YHCIIO O6pasyio- 
IHXCA B €JMHHILY BPeCMeHH BakaHCHH YMCHbIUIaeTCH, a MHTeCHCHBHOCTb IIpo- 
wecca aHHHIHJIAUMH BakaHCHii He 3aBHCHT OT so. Tora mpu onpeseneHHbIx 
YCJIOBHAX STH MpoOlecchl MOJKHbI OamaHCHPOBaTbCA, UW MpoOeccbl ocaxKe- 

HHA WM KOaryJIAWMH BakaHCHit 

A/mm ® JOJIKHBI WpekpaTHTbcs (ecu a- 

2%Ke NOJI3YYeCTh H HMeeT MPH 3TOM 

Me€CTO); TAKUM OOpa30M, MbI MIpH- 

XOXHM K BbIBOJY O BO3MO2KHOM 

CylUleCTBOBaHHH dusHyecKOrO mpe- 
Wea WJIMTebHOH MpOuHOCTH. 

C copMasbHOow CTOpOHBI onH- 
CaHHble MpOWeccbl MpOABJIAIOTCA 
B YMeHbIUeHHH apcpeKTHBHOCTH 
JeHCTBHA MPHJIORKeHHOrO Halps- 
2eHHA. 113-3a CO*KHOCTH MmpoTe- 
KalOllHX MpoOleccoB TOUHOe UX 
OMMCaHHe B HACTOAILee BPEMA 3a- 
100 t 1000 (O00 ae TPYAHUTeNbHO. Ilostomy B nepBOM 

TIpHOJIMXKeHHH MpHMeM, yTO eH- 
Puc. 2. Kpuppie uTeIbHOM MpouHOCTH HeKOTO- cTBHe IIPCNATCTBYIOWLHX OCarxe- 
SE eet fds Lor paneer Gaye ats 30 ¢, HWiO BakaHcuii (akTopos oOpar- 
1161% Cr. 1,53% Ni, 1,28% Mo 0.1% Nb; 2— HO MponopuwoHanbHo elicTByto- 
yi= 0,14, 500°, 0,18% C, 0,13% Cr, 4,8% Mo, WleMy HampsxeHuio. Torfa ypaB- 
0,16% V, 1,6% W; 3— i= 0,13, 500°, 0,12% HeHne (3) npeBpamaeTca B 
or Gi 16,707 NO 106 Mo, nibaee Cor 8 — 
*14= 0,33, 730°, 24,8% Cr, 21% Ni, 0.1% Mo; t= A,/sh[a(o—k/s)] - shBe. 
6 — Y= 0,37, 730°, 14,9% Cr, 134% Ni, 2,39% (4) 

oO 


Puc. 1. Cxema KpHBot WIuTeMbHOW MpowHocTu 


TlonysenHoe ypaBHeHHe CMUIKOM CJOX%KHO AIA HpakTHYeCKOrO UCMOVIb30- 
BaHua. Ero MOXKHO, OJHaKO, 3HAYHTEIbHO YIMPOCTH|b, 3AMCHHB OTJeJIbHbIe 
yuacTKH OMWCbIBaeMOH HM KPHBOH Oosee MpOCTbIMH BbIPaxKeHHAMH, T. €. 3a- 
MeHHB HelpepbiBunyio :byHKiMio KycouHOH. JIA Tako 3aMeHbI CieqyerT MET 
BBMAY, 4TO pH BenMyuHe apryMeHTa Ooyee 1,6 runepOonmueckuii 
CHHYC C OOOH TOUHOCThIO 3AMCHACTCA SKCMOHEHTOH, a IPH BeMYNHE apry- 
mMeHTa MeHee 1,1 —camum aprymeHTom. Torfa, nollarad «<8 uM ume” B BHIY, 
YTO TIPU OOMbINMX HAaMpsAKeHUAX oS>k/s, MOXHO BbILCIMTb PAN yYaCTKOB KPH- 
Bo (puc. 1). 

Yuactxu 1 (bc) u 2 (cd) MomHO ¢C OCTaTOYHO XOPOHMM MpHOMxKeHHeM 3a- 
MeHUTb 2KCnOHeHTamu t = Ae , Ha yuacTKe 3 Takawd 3aMeHa yxKe HE MOKET 
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ObITh ONpaBlaHa, HOO KpHBadA Ha 3TOM YUACTKE ACHMINTOTHYECKH pHOMKaeTCa 
K mpewely MIMTeIbHOH MpouHOCcTH o = k/o mpu too. 
1. ac >1L6 S14 pes 1,6-1,1, oS ke 


t = Ae—*slm e—bolm — Ae ™ 


Bo > 1.61) 


2. a6 < 1,6—+1,1, 


ate 
= Ae-ns, 


o> h/s 


t= A (ao) tolmy Aer a6. 


3. Bo << 1,6+1,1, o> /s 


t = A(o — k/o)—Al™g—tm (o.8)—1Im = C (o? — k)-”. 


4, o<ikis 


t= We 


OuesuyHO, ompeqemeHHe BcexX KOSPPHUMeEHTOB MO OMHOMY TOJIbKO l-my 
yuacTky KPHBOH HeBOSMOXKHO. Anamu3 130 KpHBbIX JJIMTeIbHOH MPOUHOCTH, 


AL /mme 


coOpaHHbIX MO JIMTepaTypHbIM JaH- 
HbIM (7 15), moaTBepxaeT cipaBey- 
JIMBOCTb IIpeIOXKeHHOH (POPMbI ypaB- 
HeHHUA. SaBHCHMOCTb JWIHTeIbHOK 
IpO4“HOCTH Mp cpokax cJlyKObl oO 
100 000 uac. (6onee AIHTebHbIMH 
KPHBbIMH MpO4HOCTH MbI He pacio- 
araiv) B  KkoopquHataxo—lg t¢ 
u3z00paxkaetca sHOO eAHHOH mps- 


Wiles; 1000 
s t 


10000 


Puce. 3. Kpupble .IHTeIbHOM MpouHOCTH HeKO- 
TOpbIX cTasleH. [lepesomM cCooTBeTCTBYeT VCJIO- 
BHIO Y;o = 2, Y2= 4Y1. 1 —yYi= 0,084, 500°, 
0,2% C, 2,58% Cr, 0,2% V, 0,48% W; 2 — 
C, 0,25% Cr, 0,77% 
Mo, 0,29% V; 3 — yi= 0,18, 550°, 0,19% C, 
1,32% Cr, 0,32% Ni, 0,59% V; 4— yi= 0,30, 
700°, 16,6% Cr, 10,7 % Ni, 0,04% Co 


Y= 0,11, 530°, 0,19% 


MOH, J1MO0 JBYMA OTPe3KaMH MIpAMBIX 
C|pa3HbIMH HaKJIOHaMH K OCHAM KOOp- 
WuHaT (pwc. 1), T. e€. ONHHM WIM 
JBYMA SKCHOHEHUMAIbHBIMH yuacrT- 
Kamu t=Ae-‘?. 3-H yuacToK (T. e. 
BTOPOH meperv6) HH B OJHOM M3 mpo- 
aHaJIM3HpOBaHHbIX HaMH cyry4aeB 
JOCTHTHYT He Obit. YcTaHOBeHa Cue- 
Wyroulad BeCbMa BaxKHaad JIA WpakTHu- 
YeCKHX paC¥eTOB 3aBHCHMOCTb: y 
cTaleli BC@X KJIACCOB, H€3aBHCHMO OT 


100000 


Yae. 


UX TepMooOpaOoTKH HM TemMMepaTypbl HCMbITaHHA, Nepexoy oT 1-ro yuacTKa bec Ko 
2-my cd (mepesioM) MpoucxogUT npu y,o—~2, a HaKJOH 2-roO y4acTKa KPHBOH K 


ocH BpemeHH ¢t B 4 pa3a MeHb- 
we Hak0Ha |-ro yyacTKa, T. e. 
yo~4y,. Yenosue y,o = 2 co- 
OTBETCTBY€T B Pa3JIMUHbIX CJy- 
waiX CpOKaM CJIyKObI MeTaJ- 
Jia OT HeCKOJIBKHX COTeH JO 
HeECKOJIBKHX COTeH TBICAY Ya- 
COB (B MocmeqHeM cayyuae me- 
permO B mpeyemax o603pumo- 
TO yyacTKa KpHBOH JJIHTeJIb- 
HOM MpOuHocTH He HaOmI0JaeT- 
ca). M3 130 npoaHanu3supoBan- 
HbIX HAaMH KpHEbIX 2] uMerIoT 
mepeyioM B lpeqemax 9kcmepu- 
MeHTaIbHOrO yuacTKa. B ypy- 
PHX CIyYYaAX 3aBHCMMOCTb JVIH- 
Te@IbHOH MpouHoOcTH Ha BCeM 
TIpOTAXKCHHM SKCHePHMeHTAJIb- 
HOrO yuacTKa NpAMOJIMHeHHA, 


a D = : 
A 1000 10000 


—————— 


700000 


ac, 


Puc. 4. Kpupble QMTeIbHOM MpowHOCTH HeKOTOPEIX 

cTaeH. IlepemoM cootseTcTByeT YyCOBHIO Yic= 2, 

Ya= 471. 1 — Yi= 0,31, 650°, 18% Cr, 8% Ni; 2 — 

Yi= 0,33, 700°, Cr —Co — Ti; 3 — y1= 0,37, 700°, 

16,6% Cr, 10,7% Ni; 4 — yi= 1,65, 730°, 17,3% Cr, 

12,4% Ni,0,75% Nb/Ta; 5— y,= 2,3, 650°, 0,08%C; 
2,26% Mo, 1,04% W 


B MOJIHOM COOTBETCTBHH C YKa3aHHbIM YCJIOBHEM Y10xp—= 2. Ha puc. 2, 3u 4 
TIPHBeJeCHbI HEKOTOPbie KPUBble IMTeIbHOM MpOYHOCTH, HMeIOWIHe Mepesom. 
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TloryueHHble COOTHOMeHHA MpHBOAAT K BecbMa mpocTomy cnoco6Oy 9KcTpa- 
MOAWHMH. Ha OcHOBe SKCNeEPHMeHTAIbHbIX JAHHbIX HaXOMNTCA HampaBsleHHe 
l-ro yuacTkKa KpuBoi (y,= 2, 3 lg (t./t,)/(o,—o2)), 3arem pacuetom OnpedesAOTCA 
TOUKa NMeperHOa (oxp= 2/y1) H HampaBleHve 2-ro yuactKa (y2= 471). Tas 
mocTpoeHua l|-ro yuacTKa KpHBOH AMTebHOH MpouHocTH B cyyae 2KCTDPa- 
NOAWHH Ha CpOKH cw1y*Ob! Wo 100 000 uac. u Gomee MoxHO peKOMeHJOBAaTb 
MHTepBasl BpemeHH OT O0—60 yac. yo 1000 uac. Ip menbummx cpoxax cryxObl 
HaKJIOH KPHBOM K OCH YacTO pe3KO YMeHbIUIaeTCA H 3aKOHOMePHOCTb 92TOFO 
HauabHoro yyacTKa (ab Ha puc. |) MOKa BLIACHHTb He yasocb. 

TlocrosucTBO COOTHOWIEHHH Y;Oxp= 2 HW Y2/y¥,;= 4 aA BCeX cTanel MoOxKHO 
OObACHUTb TeM, 4TO Pa3sIMYHbIe COCTABAIOUIMe Mpolecca paspyuieHua metas- 
Ja ONpedeAIOTCA OOULMMH JMCOKANMOHHBIMH M€XaHH3MaMH HW MOTOMY HMeIOT 
WIA JaHHOH pelleTKM NpHOMM3HTeNbHO NocTOAHHY1O BeHUMHY. JlerupoBaHHe 
HM TepMooOpaGOoTKa MCHAIOT OJHOBPeMeHHO OOH ypOBeHb HHTCHCHBHOCTH BCeX 
S9TUX MpOWeccOB, HO HE HX OTHOCHTeIbHYIO HHTCHCHBHOCTD. 

Takum oOOpa30M, onpeematouleH XapakTepucTHKolH noBeyqeHHA cmuaBa 
MOKHA ObITb efO OCHOBA. BTO NOMTBepAKMaeTCA aHaJIM3OM KPHBHIX LWIMTebHOL 
MIpO4HOCTH CNIaBOB HMMOHHK (!°); XOTA 4HCMO STHX KPHBbIX HEMOCTATOUHO AIA 
Maw YBepeHHbIX OKOHUATEJIbHbIX PeCKOMeHalHH, OHH XOPOINO YAOBMeTBOPAIOT 
COOTHOWeCHHAM Yo/¥;=2 MH YiCup= 2,5 (HM He YNOBMETBOPAIOT 3HAYCHHAM STHX 


COOTHOMMeHHH, HaliJeHHbIM JIA cTael). 
Tloctynuaio 
5 VI 1958 
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XHMHA 


Axayemuk A. A, BAJIAHJIMH, E. HW. KAPMEMCKAS u A, A, TOJICTOMATOBA 


WCCJIEMOBAHHE KATAJIHTHYECKOM JETHAPOrEHH3ALMM 
YIPJIEBOAOPOJOB KM CIiMPTOB HAJ, METAJWJIMYECKHYM PEHVEM 


B nocequee BpeMaA yenserca Bce SombUIe BHAMAaHUA U3YYeHHIO HM TIpuMe- 
HeHHIO penna. B sto cBa3H uMeeT OOUbMIOe 3HAUeHHE BLIACHEHHE eFO KaTaJIH- 
THYCCKHX CBOHCTB. 

Mb pacnpocTpaHuJiM Ha peHHH uCCMeqOBaHHA MO KaTa/IMTMYeCKOH erny- 
PpOreHH3alluH, MpOBOAAMMeCA B Hale JaOopaTopuu (C630p cm. (1)). CormacHo 
MYJIbTHIIIeTHOH TeOpHH KaTalH3a JA Meruqporenusaiuu ceKkcTerHoro Tuna 
HeoOxogumo (7), uTOObI KaTalu3aTOp uMen pemeTKy Tuna Al unu A3 u atom- 
HbIH pafuyc fr B npemenax 1,22—1,39 A. BnocnencrBuu cTao u3BeCTHO, YTO 
MeTaJIM4eCKHH peHul uMeeT pemeTKy A3 u aTOMHBIt panuyc 1,368 A. Takum 
O6pa30M, JIA Hero BbINOJIHAIOTCA YKa3aHHbIe BbUNe TpeOOBaHHA HU, CeloBa- 
TEJIbHO, COrlaCHO TeOPHH, OH JOJOKeH ABJIATbCA KaTANIM3aTOPOM JerusApore- 
HW3allHH WeCTHYWICHHbIX yrvieBoqopoyos. CrpykTypa uM aTOMHbIl payuyc pe- 
HHA YOBJICTBOPAIOT TaK2Ke MPHHUMMy COXpaHeHHA BaJIeHTHOrO Yyrvla MYJIbTH- 
mleTHOH Teopuu (3,4); mMosTOMy PpeHHH MOXKET Take CJIYKUTb KaTau3a- 
TOPOM JervAporenu3auuuH YyreBOLOpoOs0B HM CHHpTOB no yOueTHOMy Mexa- 
HH3MY. . 

OKCHEPHMeHTAJIbHO KaTaJIMTMYeCKHe CBOHCTBa PeHHA UCCMeqOBasIMCh eure 
HenoctaTouHo. M. C. I]maTrouop u ero coTpyfAHuKH (°) ycTaHOBMJIM, YTO peHHt 
ABJIACTCA AKTHBHBIM KaTaM3aTOPpOM erusporenusalluu CHMpTOB, MpHyem, 
Kak lIpaBuylo, npowecc npoTekaeT 6e3 noOouHbIx peakuuh. Ilo akKTHBHOCTH pe- 
HH He ycTynaeT Mequ. OgHako ONTHMaJIbHad TemnepaTypa AernAporenusaluu 
Jia penua no JanHbim IInatoHopa (400—450°) nexutr na 100—150° spe, 
yem Jia Cu (°), Fe, Co u Ni (”). I]maronos Bnepspie Hale, YTO penuh cnoco- 
6eH KaTaJIM3HpOBaTb Aerusporenusaluio UMKsoreKCcaHa (*) H STHM NOATBeEPAMI 
WMpeAcKa3aHve MYJIbTHMIeTHOH TeopHH. OJnakO SKCHepHMeHTAJIbHbIe MOApoo- 
HOCTH HM MeTOA MpHFroTOBJIeHHA KaTaMsaTOpa OCTaJIMCb HeH3BeCTHBIMH. []osTo- 
My TpeOoBalocb MpoBecTH Oomee noApooHoe UuccweqoBaHHe. 

B uwacrosuelt pa6oTte noKa3aHO, YTO PeHHH, HaHeCeHHbI Ha yrOJlb, ABIAeT- 
CA AKTHMBHbIM KaTaJu3aTOpOM eruqporenusalluu WAuKNOrekcana HM eFo TOMO- 
JloroB, KYMOJa HW JeruspounKugaunn A-rentana. Ha nowyyeHHbix HaMH pe- 
HHeBbIX KaTaJIH3aTOpax UeT Tak»Ke AerHAPOrenH3alluA CNUPTOB B UMHTepBae 
Temnepatyp 120—300° u mpespamenne OyTaHquona-1,4 B y-OyTHpOuaKTOH. 


DKcnepHMeHTAMbHAA YACTh 


KatanausaTopp. Penvesple KaTamv3aTOpbl TOTOBMIMCb HaMH M0 
MeTOy, paspa6oTaHHOMy B pesysJIbTaTe cNelHabHOrO UcceOBAaHuA, B KO~ 
TOPOM H3YY¥aIHCb pasHble cmocoObl MPHTOTOBMeHHA HU pasHble HOcHTeNM. PeHHit 
HaHOCWICA Ha aKTMBUPOBaHHbIii yroulb sIMOO B Bue NeppeHaTa amMMOHHA (H3 
BOJ\HOrO pacTBopa), M60 B Buse KOMMVIeKCa PeHHeBOTO aHIMApHla C [MOKCaHOM 
Re,O7-xC,H,O.(°) (43 pactBopa B a6cou10THOM MeTanoue). IponuTanHblli Tem HK 
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MHBIM paCTBOPOM YFOJIb 3arpyxKaJica B KATAIMTHYECKY1O TPyOKy HW OOpabaTHIBAaICA 
BOJOPONOM MpH MeJJICHHOM MOBBILICHHH TemlepaTypbl Jo 500°. BoccraHoBieHHe 
MpoBoMocb B TeveHHe 4—5 uac. Kak Obi0 ycTaHOBeHO, HaHOoee AKTHBHbIM 
KaTamH3aTop cosepxKuT oKoO 30 Bec. % Re. 

BeulecTBa, MpOBOAMBUINeCA Hall KaTaIM3aTOPOM, MMeJIM KOHCTAHTHI, 
COOTBeTCTBYIOWLMe JIMTepaTyPHbIM. 

Jlerum@poreHu3auua yrmeBoRopogos. Kartanusartop, 
mpuroTroBeHHbt 13 NH,ReO,, mpu Aeruqporenu3alun WHKIOreKcaHa OKa3aJicA 
MeHee AKTHBHbIM H MeHee YCTOMYMBbIM, YM KaTa/lH3aTOp, NOMYYeHHbIA QMOK- 
caHOBbIm cmoco6om. Ilepspili kaTaiH3aTOp MpOBOAMT AeruAporenusaluo WHK- 
morekcava mp 350—450°, sHeprua aK- 
TuBauHn 12,8 KKasi/MOb, KaTaH3aT 
Kpome OeH307a cofepxutT 1—1,5% 
I[MKJIOreKCeHa; BTOPOH BbI3bIBaeT Jeruy- 
pOreHH3al\HIo WHKJIOreKcaHa B HHTepBa- 
yie Temnepatyp 250—350°, npuuem 3Hep- 
rua akTHBaluu 7,8 KKaJ/MOJIb, KaTaJH- 


Tao wma 4 


Jleruqporenvsayva uMKorekcaHa. Re—C. 
O6vem Katami3zatopa 10 ma. Cxopoctb mo- 
maun 0,2 Ma/mMuH. Oueprua aKkTMBallHu 
E=7,8 Kkkan/MOb; cpeqH. kjp>= 1,7-104 


fe i 3aT He COJepxKUT WukKorekceHa. Ha Ka- 

TP | m* |m, Bet. ick TaIM3aTOpe, MOJYYCHHOM J[HOKCaHOBbIM 
Fg CH : nyTeM, HaMM MpOBOAMIach Meruyqpore- 

HH3alWA MeTHIMMKIOreKcaHa HW 93THJI- 

246 | 0,98 | 0,90 | 88,6 | 11,4 | 2,40 WukorekcaHa. Kak nmOKa3bIBaloT TAO. 
272 | 1,35 | 1,29 | 90,0 | 10,0) 2,40  1—8, cKopocTb feruyporeHu3aluu yr- 
aH a te 5 ie ge: JeBOlOposa yMenblllaercs, a 9HeEprua 
341 | 2'70 | 2’92 | 86,4 | 13.6 | 2.44  AKTHBALMM yBeMUMBaeTCA Cc yBemMue- 
HH€M MOJICKYJIAPHOrO Beca yrseBoo- 

*m-—xonuyectso raza B ma HT, POAa, WpH4em romo/lorMueckas pasHOCTb 


BblmemAioueeca B 1 MaH. Ha 1 MA KaTauuH- 
3aTopa. 


cocTaBiseT~ 2,5 KKan/MOuIb. 

IIpouece eruqporenusauuu yrae- 
BOMOpOJOB Ha O6OMX kaTamMsaTopax 
CONMPOBOxKLaeTCA KPeKHHTOM TeKCaMeTHJCHOBOFO KOJIbla, O YeM CBHJeTesb- 
CTByeT HalM4une MeTaHa B ra3s000pa3HbIX MpOMyKTaX peaKkUHH. 

Tlerudporenousamus cCnHupTOB M3y"anach Ha KaTanH3a- 
TOpe, MOJyYeHHOM 43 AMOKCaHOBorO KOmmekca. Jleruyqporenu3aluaA BTOpuy- 
HbIX CMMpToOB (M30NponHsOBorO HM BTOp.-GyTHOBOrO) MpoTeKaeT mpakTHYecKU 


Ta6auuma 2 Ta6aunma 3 
Jlerugporenn3alna MeTHIUMKsOreKcaHa. 
Re—C. O6vem xatamusaropa 10 mua. 
Cxopoctb nogauu0,2 ma/mun.; E = 10,3 
KkaJl/MOb; cpeH. kyp= 8,7-108 


Jleruyporenu3auva  STHJIWMKJIOoreKcaHa. 

Re—C. O6tem kaTanusatopa 10 ma. 

Cxopoctb nogaun 0,1 ma/mun; E = 12,6 
KKaJI/MOJIb; CpegH. ky = 3,5-104 


Anasu3 ra3a, 


AHawuH3 raga, 
06 beMH. % 


Ob a) 
T-pa OObeEMH. % 


E T-pa, E 

°C m asks AO m 
Fj CH, 11 {i 18% H, CH, | [8h 
' Pied Miwa A Anh Ss 
267 | 0,59 | 92,4 7,6 | 2,62 286 | 0,39 | 91,3 8) hoes 
285 | 0,81 | 88,4 | 11,6 | 2.64 322 | 0'80| 90°0 | 100 | 2'77 
302 | 1,08] 84,2 | 45,8 | 2/64 399 | 1141] 86:0 | 1420 | 2°77 
316 | 1,31| 52.5 | 17,5 | 2/64 388 | 2/031 77’7 | 2,33 | 2'79 


6e3 MOOOUHBIX peaKIMli, ECM He CUHTATb HeKOTOPOrO pa3ulOxKeHUA Moulyuato- 
UlerOCA KETOHA, AaroulerO HEOOMbUIHE KOJIMYECTBA MpeLeMbHbIX yreBO,OPOLOB 
(1—8%) B rase. [Ipespaujenue u30nponusoBoro CnupTa B alleTOH mpH Temne- 
patypax 150—200°uper c BbIxoqaMu,OM3KHMH K TEPMOLMHAMHUCCKH BO3MOXKUHbIM. 
Suepruvd akTHBalluM MerMAporenu3aunun u3onponunoBoro BTOpP.-OyTHJIOBOrO 
CIMPTOB PpaBHb CooTBercTBeHHO 4,8 nH 6,5 Kkan/Monb. Jleruzporenusanua mep- 
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BHNHBIX CMMPTOB: STHJIOBOTO, H-MpONHIOBOrO uM A-OyTHOBOrO mpoTeKaer He- 
CKOJIbKO TpyQHee. IIpouecc ocoxKHAeTCA OOpas0BaHHeM COxKHOrO abupa Ui Je 
KapOoHHJMpoBaHHeM OOpasytouleroca avbMerufa. Suepruu aKkTuBallnn Avia 
STHJIOBOrO, H-MpONHOBOrO MH A-OyTHOBOrO CNUPTOB paBHbl COOTBeETCTBeHHO 
7,8, 9,5 w 11,7 kKan/monb. 

Hz nowy4eHubix JaHHbIX BUAHO, YTO CKOpOCTb eruAporennsaunMH cnupToB 
M 9HEPruA aKTHBAHH 3aBMCAT OT CTpoeHnA CnUupToB. IIpu nepexoge or nepBuyu- 
Horo CMMpTa K H30Me€PpHOMY BTOPHYHOMY SHEPruA aKTHBallLMH YyMeHbUAeTCHA 
MpHOIM3HTebHO Ha 5 KKau/MOuIb. Kpome Toro, C yBeHYeCHHeM MOVekK yAPHOFO 
BeCa CNMPTa CKOPOCTb Mpolecca HECKOJIbKO YMEHbIUAeTCA, a 9HEPPHA AKTHBA- 
WMH YBeIMUMBaeTCA, MPHYeM POMOJIOrHYeCKaA Pa3HOCTb cOcTaBAeT npUuGH- 
3HTeJIbHO 2 KKaJI/MOJIb. 

Meruaporenusauua Oytangzunona-l1,4npusoqnt x o6pa30- 
BaHHIO Y-OyTHpOMak10Ha HM Y-OKCHMAaCJIAHOTO abderuga. Antapupili anblerug 
B KaTalu3aTe OOHapyxKHTb He yalocb. Pe3sybTaTbl OMbITOB MpeNCTaBJeHbI 
B TaO. 4. QHepruA aKTHBAILMH Npolecca OOpasoBannsA y-OyTHpOakTOHA paBHa 
11,5 kkan/Momb, uTO CoBMaaeT C SHEprHeli akTuBalluM A-GyTHOBOrO cnUpTa. 


Ta6auna 4 


Jleruyporenusauua Oytangzuona-1,4. Re—K. O6bem xatanusatopa 10 ma. 
Ckopoctb nogauu 0,1 Ma/MuH. 


Auvanu3 rasa, O6beMH. % Katamusat, Bec. % 
T-pa, Komu4a 
° a3a, - = 5 
Waa tease areal Fir |GOne| MO m lpesea sey mainstem de’ seen mise eS 
233 9,99 | 100 agi yee = ae 11,9 16,5 
202 11,60 — — — — — 16,8 14,9 
264 16,20 SIF OSIO; See. Dao Py) 220 15,4 
ZS 22,87 92 4 54 1,8 ie 20) 36,2 14,1 
306 24,61 isa) 5 1 — | 2,8 3,2 8,3 46,3 10,3 


Dro aeT BO3MOXKHOCTS MpeANONOKUT, YTO NMMUTUPYrolleH cTaqHeli mpotecca 
ABJACTCA OTULEMIeCHHe OAHOM MOJeKysbI BOMOpONa oT 1,4-6yTaHANOMa c OOpa- 
30BaHHeEM Y-OKCMMAaCIAHOTO aJibderufa. C pyro CTOpOHbI, H3BeECTHO, 4TO 
OKCHaJIberuybl HaXOJATCA B TAaYTOMePHOM PaBHOBeCHH C WMKJIMYeCKHMH MOWy- 
alleTaJIbHbIMM (opmamu (2°): 

H 


| 
HKOCH,CH;CH2CHO = Gch G —OH 
O 


Jlerugporenu3zalua Tako WuKsMuecKOH (oOpMbl Ao2KHA HATH OYCHb JIerKO U 
TpAMO IIPpHBOAMTb K OyTHpOMaKTOHY. 

C Welbio MpOBepHTb 9TO MpeANONOAReHHE MbI CHHTE3MPOBAaJIM Y-OKCHMACIA- 
Hb amblerug (2) u AHTapHBIi anbgeruy (7%) uv u3yunaH uX Mpespalenua Ha 
peHHeBOM KaTamusaTope. OKa3aJl0Cb, YTO Y-OKCHMACJAHbIM aJibderu JerKo 
npeppauaerca B Y-OYTHPOMaKTOH, MpMyeM MpoleHT MpeBpalenuA, PaBHbiit 
40—48 %, Maio 3aBHCHT OT TemnepaTypbI B HHTepBase 230—8300°, uTO roBopuT 
O MajlOH SHeprHH aKTHBalHH STOFO mMpoLecca. B MpodykTax mMmpeppallenua 
AHTAPHbI abyeruy He Obl OOHapy2KeH. SHTAPHbIH alblerHy MpH mponycKa- 
HMM Hajl pCHHeBLIM KaTaJIH3aTOpOM He AaeT OyTHpoMakTOHa. OcHOBHaA Macca 
ero MpOXOJHT HeH3MeHeHHOM, YaACTh MpeBpalaeTCsA B NPOMYKTH! KOHAeHCALMH. 
Penne (!*) nonyyan mpakTHyecKH BarKHbIit Y-OyTHpONaKTOH MernjAporennsa- 
une 1,4-6yranquona Hag Cu u CUHTads, YTO peaKUMA NPOXOMHT Yepes AHTAPHbIH 
anbyerug. B npoTuBononoxKHOCcTh mpesnonoxenuio Penne, B HacTOAMeH pa- 
6oTe MOKa3aHO, YTO MpOMeXKYTOUHbIM NPOAYKTOM NpeBpallleHHA 1,4-OyTaHyn- 
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Ola B Y-OyTHPOaKTOH ABJACTCA Y-OKCHMACIAHBIM aJIbNerHy, a He AHTapHbI aJlb- 
Heruy, mpuyem oOpasoBpaHve MepBoro ABJAeTCA JIMMHTHPyIoOWeH CTaqueH Mmpo- 
mecca. 


VMucruty? oprauuueckoi xumuu uM. H. J. 3enuucKoro Tocrynu.to | 
Akaglemuu HaykK CCCP 16 VII 1958 
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XHMHA 


M. T. TOHAKBEPY u A. WH, KATAMPOPOCKHN 


K BONMPOCY O BJIMHAHAW JABJIEHHA HA CKOPOCTb 
MPOCTPAHCTBEHHO 3ATPYJHEHHbIX PEAKUMA 


(ITpedcmaeaexno axadenuxom B. A. Kasanckum 29 IV 1958) 


Vimerouyveca HeMHOFOUNCJICHHbIC SKCICPHMeCHTaJIbHbIe JaHHbIe CBHeTe/b- 
CTBYIOT O 3HAYHTEJIbHOM YCKOPCHHM MpOCTpaHCTBeHHO 3aTPYHECHHbIX peakUut 
C NOBbILIEHHeM JaBeHua. Tax, npu 23000 arm. u 300° 3a 3 uaca 6b NONHOCTHIO 
3allOJIMMepH30BaH TeTPaMeTHJISTHIeH, B TO BPEMA KaK MPH TOl x#Ke TeMMepaType 
M Japsenuu 200 arm. ero ya0cb 3anosIMMepH30BaTb 3a 00 uac. Bcero Ha 20% (1). 
Jjapienue CHJIbHO yCKOpsxeT TaKxKe TepMuuecKHe MpeBpauleHuA TeTpaxsop- 
sTuseHa mpH 300° c o6pa30BaHHem reKkcaxsop6yTaqMeHa u reKcaxsopstana (2). 
B o00vx yka3aHHbIX CJlyuadx HaOmOeHHOe yCKOpeHHe peaKILHH aBsleHHeM 
JIMIUb B MaJIOH CTEMe€HH CBA3AHO C POCTOM KOHICHTPallH HCXOJHBIX BeLLECTB; 
OMpeesAIOuluM CbakKTOPOM 3/eCb ABJIACTCA YBeCMYCHHE KOHCTAHTbI CKOpOCTH 
peakUHH C MOBbILIeHHeM JaBJIeHHaA. 

CormacHo Teopuu mepexOAHOrO COCTOAHHA, H3MCHEHHE KOHCTAHTHI CKOPOCTH 
peakiluH C aBIeHHeM ONpeyemAeTcA BeIHUHHOM U3MeHeHHA OObeMa pH OO- 
pa30BaHHH aKTHBHpOBaHHoro KOmmueKca (Av*) (°): 


fOmUK\ = Av™ (1) 
\POPr Ur=* RT ° 

OueBuHO, 4TO BaxXKHbIM ClaraeMbIM BeIHYHHbI Av* ABIIAeTCH H3MeHeHHE 

o6beMa CaMHX pearupyroulMX MOJIeKyJ pH OOpa3s0BaHHH aKTHMBHPOBaHHOrO 


Komiisekca (Av* ); Hapsy C STHM 3aMeTHY1O POJIb MOryT urpaTb HM HHbIe OOb- 


eMuble abpeKTbI, B YACTHOCTH H3MeHeEHHe OObeMa PaCTBOPHTeJIA (CCH peakHA 
MpOBOAHTCA B pacTBOpe) B Pe3YJIbTATe Pa3/JIMYHOM COJIbBAaTHPOBaHHOCTH pea- 
PHpylOUlWX MOJIeKYJI MH aKTHBUpOBaHHOrO KOMuseKca (Av* ). B HacTosmel 


COJIBB 
pa6ote 6yyT paccmMoTpeHb! TOKO BeIMUHHEI Av*,.TIpu sTOM MbI OrpaHHuuM- 
ca paccMoTpeHvem peakuvit MeHuyTKHHa, Wt KOTOPbIX MOXHO C JOCTaTOUHOH 
YBEPCHHOCTHIO BOCMOUb3OBaTLCA ONpeeleHHOH TeoMeTpHuecKOH MOebIO me- 
pexoguoro coctrosuua. Hapsagy c STHM CJleqyeT OTMETHTb, YTO HMCHHO peakI\Hu 
MenuyTkuHa mocmtyxumu OObeKTOM pxAJa KHHeETHYCCKMX UCCeEOBaHHH Mpu 
BbICOKHX J[aBJICHHAX. 

OrpileKaadcb OT BO3MOXKHOFO yuaCTHA pacTBOpuTela B peakuuAx Meunuryt- 
KuHa (*), MbI OyeM HCXOJMTb M3 MpeCTaB/eHuA O CTPOCHHH AaKTHBAPOBaHHOrO 
KOMMIeKCa, MOKa3aHHOM Ha Cxeme (puc. 1) (°). CorjmacHo sto cxeme, CBA3H 
C—R’, C—R’ un C—R” nexaT B OHO mocKocTu. ro kacaetca caasei N—C 
(usm N—H) B amuue, TO UX PaCNO/OXKeHHe OTHOCHTEIbHO MVIOCKOCTH, MpOxo- 
auleli uepe3 aTOM a30Ta M MapasenbHOK mocKocTH CRs, 3aBMCHT OT CTpoeHHA 
MOJIeKYJIbI aMMHa. Tak, CCIM B AMHHE a30T CBA3AH C AJIKWJIbHBIMM paMKaslaMu 
WIM aTOMaMH BOMOpONa, TO 9TH CBA3H PacnOsO*KeHbl MMpaMuAaJbHo (Cc yriaMu 
mMexkity Humu 108°). Ec paquKasiom aBiaetca cbeHubHoe AQpo, TO cBA3sH N—C 
B MOJleKYe AMHHAa JI@KAT B OMHOM MIOCKOCTH, KOTOpPaA, MO HaleMy MpeMovI0- 
*KeHHIO, NapasembHa muockocTH CR;. Hakouel, 4a kommlekca C NMPpHAHHOM 
HanOoulee BEPOATHO, YTO KOJbIO MMPHAMHA pacnomO*RenO NepnenAUKyMAPHO 


mocKocTH CRs. 
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Paccrosune N...C B aKTHBHPOBaHHOM KOMIWJIe€KCe MbI IPHHHMae€M PaBHbIM 
jlimHe BaneHTHoi cpa3a N—C (1,5 A), XOTA He HCKJIOUeHa BO3MOXKHOCTb 
(cm. (°)), YTO OHO B JeHCTBHTEMbHOCTH HECKOJIbKO OOVIbUIe. C6H2KeHHE ATOMOB 
N u C na Takoe paccrosuue camo m0 ce6e O6yclOBIMBaeT YMCHbUUeHHe OObEMAa 
aKTHBUPOBaHHOrO KOMMIeKCa M0 CpaBHeHHIO C OObeMaMH pearup YiOWlux Movie- 
Kya Ha 8,4 A’, Tr. e. Ha 5cm3/Moub Wid BCex peakuuh MenulyTKuHa”. OjHako 
Hapaly C STHM OObeMHbIM 3¢pPeKTOM MpH OOpas0BaHHH AKTMBUPOBaHHOrO KOM- 
MWIeKCa BO3HHKAIOT JOMOMHUTEIbHbIC C2KATHA, TAK KaK B3aHMHOe MpKOMKeHHE 
JIBYX H300paxKeHHbIX Ha puc. 1 mocKocTeHi Ha paccTOAHHe 1,5 A mpuBoxuT kK 
TOMY, 4TO paCCTOAHUA MexKLy HEKOTOPbIMM BaJIeCHTHO He CBASAHHbIMH aTOMaMH 
CTaHOBATCA MeHbIUe CyYMMbI HX Me2KMOJICK YJIAPHbIX PakMyCoB (06pas yiomyloca 
IIpH peakWHH HOBYyIO CBA3b, B HallleM CJlyyae N—C, mbl CuHTaeM BaJIeHTHOK 
CBA3bIO). 


Puc. 1. Cxema crpoenua Puc. 2. AKTHBUpOBaHHbIit 
aKTHBUpOBaHHOro KOM- KOMIMJIeKC B peak MH- 
miekca B peakiuax Mex- PHHHAa C HOMMCTHIM MeTH- 
IyTKHHa JIOM. CxKaTHe 32lITPHXO- 

BaHO 


Orn JONOMHUTeIbHbIC CHRKATHA XAPAKTepH3yIoT (XOTH, KOHEYHO, HE MOJIHO- 
CTbIO) MpOCTpaHCTBeHHY!0 3aTpyMHeHHOCTh peakunu. IIpu takom paccmorpe- 
HHH OKa3biBaeTca, YTO peakuMH MenuryTKMHa ABJIAIOTCA B OOJIbUIeH HIM MeHb- 
wel CTeneHH MpOCTpaHCTBeHHO 3aTpyHeHHbIMH. 

Peakiuu Cc MHpHAUHHOM. B mowdekyme MMpHAMHa TOJbKO aTOM a30Ta 
J@KUT B MIOCKOCTH, NapadvebHOH mwiockoctH CR’R’R’’” uw mepnenquKkyssap- 
Hol K spy (puc. 2). J[Ba «opro»-Bogopoyqa He jJocTuraloT sTOM mmocKocTH 
(Ha ~ 0,2 A), a Ba «<opToy-yruiepoma —ua 0,7 A. IIpu peaxyun c hogucThmM 
M@THJIOM BO3HHKaeT C?KaTHe Me@XK]Ly ATOMOM a3s0Ta HM TpeMA aTOMaMH BOJOpO- 
ja (1,85 A), mMexyy ofHHM atoMom H Bp CHs3J u atomom H B C,H,N (1,7 A 
BMecto 2,4 A), a TakxKe MexAy aTomamu C B C;H,N u atomamu H gp CH,J. 
CymMa 8THX c>xKaTHH paBHa 6,7 A, T. e. 4 cm?/mou; Avy a= 9 CMeMOUIb**. 


IIpw peakuwH C WOMCTHIM 9THIOM OHO cxkaTHe N...H 3amenserca 
HaN...CH;(2,15 A Bmecto 3,6 A) 4 BospactaioT B3avMOelcTBHA C «OpToOy-yr- 
nepogamu; Av* = — 14 cm?/mMom. 

C flasbHevWiHM yBeJIMYeHHeM YMCA YIJIepOHbIX ATOMOB B HOpMaJIbHOH We- 


MOUKe TavIOHAHOTO aJIKHJIa BeJIMYHHAa Ave He H3MeCHHAeTCA. 


IIpu peakunu c HomMCTHIM M30NponMviom nosBsstoTca Ba cxKaTuA N...CH3 
MH HeCKOJIbKO H3MeHAeTCA xXapakTep B3aHMOJeHCTBHA C «OpTo»-yrslepoyaMH; 


ee 3 
Av? ¥, = — 19 cm/mou. 


PeakWWW C TpPHMe€THJAaMHHOM. PaccMoTpHM peakiMIO TpHMeTus- 


* Siecb HB JaubHeliINeM Mb MO/Ib3yeMCA JA pacueTOB CxKAaTHA TIpH OOpa3s0BaHHH aK- 
THBHPOBAHHOPO KOMMVIEK<a Cie AYIOUMMMH SHAYCHHAMA Me%KMOJIeKYJAPHEIX paguycos (?): Ryy = 
=1,2 A; Ry=1,6 A; Ro =1,8 A; Ron, = 2,0 A. Amns cease C—H nu C—C npn- 
HHMAloTCA PaBHbIMH CooTBeTCTBeHHO 1,1 uv 1,50 A. 

** C yueTom cKaTHA Mp OOpasoBpannu cpasH C—N (cM. Bolle). 
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aMHHa C HOMMCTHIM usorponMsiom. HanGoulee mpennournTesbHoe B3aHMHoe pac- 
novlox%KeHHe miocKocrn CR; mu mupamugpt N(CHs3)3 ws06paxeno cxemofi Ha 
puc. 3a (BUA Bomb caa3sn C— J). 

B akTHBUpOBaHHOM KOMIVIeKce BOSHHKHYyT: @KaTHe N...H (1,85 A), gpa 
eKaTuaA N...CH; (2,15 A), aBa coxatua CH;...H (2,6 A) wu uernipe cxa- 
Tua CH;...CH3(2,7 A). Bpruncuiennoe snauenue Av* , paBHo — 24 cm?/moup, 


omc s Ooublue, ueM IIpH peaKitHi HOMUCTOrO M30NponnJia C MHPHAWHOM. 
STo 3Hauenne He H3MeCHAeCTCH MPH 3aMe€HE TPHMeTHJIaMHHaA Ha TPHSTHJIAMHH. 


Peakiwun c JUMeETHAAHUAHHOM. B cBo6oHOH MovieKyue [H- 
Cue 


ROE 
MCTHJIAHHJIMHa MWJIOCKOCTb (peHHJIbHOTO Apa BbIBeTeHa H3 NJIOCKOCTH N 


| 
G 


BCJIECTBHe CTEPHUeCKHX B3aHMOJeHCTBHH ABYX «OPTO»-BOJOPOAOB C ME€THJIbHbI- 
MH rpynnamu. I]pu BerynvieHuH B AKTHBMPOBaHHbIH KOMMVIeKC (eHHJIbHOe Apo 


Clea ee 2. 


Puce. 3. CxeMa cTpoeHuA aKTHBHpOBaHHoro KoMMseKca (BUX BLO.1b CBA3H 

C — J) B peakyuax: a — TpuMeTHamuH + fogucTHIt Hsonponua, 6 — 

AMMeTHIaHHIHH -- HOLMCTHH u30nponua; J — nweHTpbl aTOMOB aMHHa, 2— 
WCHTPbI ATOMOB FasOHAHOrO aka 


MOBepHeTCA TaKHM OOpa3oM, TO BCe ATOMbI yrviepofa monayyT B OMHY mo0c- 
Koctb. IIpH stoM NOoBOpOTe BO3HHKHYT Ba COKPallleHHbIX paccTOAHHA (BHYTPH 
MovieKyJIbl) CH3...H, papubie 2,5 A, uTo MpHBeseT K He3HAUHTEIbHOMy CO- 
KpalleHHio OObeMma. 

B3avumMHoe pacmosoxeHve mpHOMKalolluxcH MOCKocTeH Mpu peakWun 
HMeTHIaHWJIHHa C HOAMCTbIM H30MponHsIOM H300parxKeHoO Ha pHc. 36 (BH co 
CTOpOHbI aToma J). BakTHBHpOBaHHOM KOMIVJI€KCe BO3HHKAIOT CJIeXYIOUMe CKa- 
Tua: ofHO N...H (1,85 A), apa N...CH, (2,15 A), ono H...H (2,1 A), apa 
H...C (1,9 # 2,1 A), apa CHg...H (1,8 u 2,0 A), apa CHs...C (2,0 u 2,1 A), tpu 
CH,...CH, (2,1 A). 3Hayenne Advvon A STO peakiuH paBHo — 44 cm?/momb. 

Ilpu peakuMn WumMeTHaHMIMHA C HOMMCTHIM MeTHJIOM H HOMMCTHIM STHJIOM 


sHauenuaA Avyon PABHI COOTBeETCTBeHHO — 19 nw —29 cm°/moub. 

SameHa «OpTo»-BOJOpoya B MOJIeKyJIe JHMeTHIAHWIMHa Ha MeTHIbHY!O rpyn- 
IY IIpHBOAUT K HeKOTOpOMY YBeIHYeHHIO (— Adyon) JWwIsl Peak Cc HOAUCTEIM 
MeTHIOM (10 22 cm?/moub). 

Takum o6pa30M, BBIYHCJIeHHBIe NO H3I0XKeCHHOM BbIe cXeme 3HaueHHA 
(— Avsyon) MOcTHTaioT Aa HeKOTOpbIX peaKWHi MenwtyTKHHa BesIHUHHbI He- 
CKOJIbBKUX JICCATKOB KYOMYECKHX CAHTHMETPOB Ha MOVJIb, YTO JOJI2KHO MPHBOAMTb 
K BeCbMa 3HAUHTEJIbHOMY YCKOPeHHIO STHX PeaKIHH C NMOBbILIeCHHeM JaBJIeHHA 
coracHo ypaBneHuio (1). Takoe ycKopeHie JlelicTBUTeIbHO HMeeT MeCTO, KaK 
3TO BHHO H3 JaHHbIX, MPHBOAMMbIX B TaO. 1. OTHOWeHHA KOHCTaHT CKOpocTH 
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¥ 2 
K Kaxklof v3 ucceloBanHBlx peak MenuryTKuHa Mp AaBsenHu 3000 KI’/cm 


Hi IIpH aTMOctepHOM MaBIeHHH(K go99/K1),XapakTepHsy1oulue YCKOPeHHe peakIHH 
C NOBBILeHHeM JaBJIeHHA, H3MeHAIOTCH COBEPILCHHO CHMOAaTHO C BbIYHC/e€HHBIMA 


Hamu BetHuMHamMH (— Advyon) MA PacCMOTPeHHBIX peakUHi. 

Takum o6pa30M, y¥eT MpocTpaHcTBeHHOW 3aTpyAHeHHOCTH Npolecca o6pa- 
30BaHUA AKTHBUpOBaHHOrO KOMMiekca (OMpeeHeMOH HaMH KaK B3aHMHOe 
IIpHOWKeHUe BaJIeHTHO He CBA3AHHBIX ATOMOB Ha PaCCTOAHHA, MCHBIIHE, MEM 


CYMMa UX MeXKMOJEKYJIAPHBIX payMycoB) MO3BOAAeT KavecTBeHHO OObACHUTb 
pasu4uHoe ycKopeHHe WaBseHHeM 


Ta6auua 1 peaxuui MenuryTKuna, pasiuua- 
3HaueHHA Kon HW BIMAHMe JaBseHHa Ha KonctaH- TOULMXCH CTPOCHHeM yuacTBYytOulux 


Tb cKopocru peaxuuit MenwyTkuna (Bayetone B HHX A@MHHOB WM TaJIOMHbIX aJIKH- 
mpu 60°) mos. B wacTHOCcTH, CTaHOBHTCA 


MOHATHBIM HapacTaHHe yCKopeHuA 
3THX peakIHH aBeHwem IMpH 


nae 

Peaxnun te KeooolKi mepexone ot CH;J x C,H;J u 
u30-C,H,J*, or C;H;N k (CHg)3N u 

C;H;N 4+ CHeJ 0 6,8 (5) C,H;sN(CHg3)2, a Tak»xKe OJMHAKO- 
C;H;N + CoH;J 4/4 7,9 (°) BbIM S*PdPpeKT LaBJIEHHA B peaKIWHAX 
C5H5N + 4. CaHod ae ae TpHMeTHIaMuHa WM TpHSTHIaMHHa. 
Ona. 4 CH Bae 4175119) EctrecTBeHHO, UTO WIA MOMHOTO 
(CHs)aN ++ 130-CoH,J 24 | 16.4 (8) aHaiMsa BJIMAHHA JaB/IeHHA Ha 
CoH;)3N + u30-C3gH,J — 24 16,0 (8) ckopocTb peakyHH MeniilyTKuHa 
CsHsN(CHs)2 + 430-CsH7J | —44 | 29,5(°) HeOOXOAUM yueT BCeX ClaraeMbIX 


NO war 

Mbt nosaraemM, YTO pa3sBUTHIe B 9TOM paOoTe npelcTaBeHUA HW MpOBeeHHBIe 
WpocTble pacueTbl, HeECMOTPpA Ha HX MpPuOMWKeHHHIM XapakTep, MO3BOMAIOT 
OObACHHTb BeCbMa 3HAYHTEJIbHOe YCKOPeHHe MpOCTPaHCTBeHHO 3aTPYAHCHHbIX 
peakWHi c MOBbIWIeHHeM JaBleHun. MoxxHo mpeqnomaraTb, BMecTe C TeM, YTO 
w3yueHve KHHeETHKH peakUHH MpH BBICOKHX [aBCHHAX OKaKeTCA MOe3HbIM U 
JIA TIpOBepKH TeX WIM HHbIX TpecTaBIeHHH O CTPpOeCHHH aKTHBHPOBaHHOrO 
KOMIWIeKCa B 9THX peaKIUHAX. 


VMuctutyT opranuueckoH xumMunu um. H. J. 3enunckoro Tloctynua10 
Akanemuu Hayk CCCP 24 IV 1958 


VHcTHTyT SIeMeHTOOPraHHyeCcKHX CcoeluHeHHE 
Akawemuu HaykK CCCP 
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R. W. Eddy, J. Am. Chem. Soc., 70, 2989 (1948). ®C. K. Ingold, Structure and 
Mechanism in Organic Chemistry, N. Y., 1953, p. 403. &© UW. K. Wuroabpa, Has. AH 
CCCP, OXH, 1956, 1016. 7 A.W. KutatropogcKkuit, Opranmueckaa Kpnctanno- 
xumua, M3g. AH CCCP, 1955, crp. 15. ® M. W. Perrin, E. G..Williams, Proc. 
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* B fonomHenue K JaHHEIM Ta6a. 1 yKaxKeM, ¥TO B peakNuAX NMMeTUNaHuAMHa Cc CHsJ 
u C,H;J B MetaHoze npu 25° sHauenna K PpaBHbI cooTBeTcTBeHHO 10 x 12 (1%), 
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Jloxrnayns Akaygemuu nayr CCCP 
1958. Tom 122, N 2 


XHMHA 
H. HW. FPHWIKO u E. H. TYPbhAHOBA 


NOABYDKHOCTb RS-FPYNM B OPFAHHYECKUX THOCYJIb®OHATAX 
(CY JIb®OHCYJIb®HAX) 


(ITpedcmaeneno axademuxom H. JI. Kuynanyem 28 IV 1958) 


B Teyenne pala eT B MMTepaType uMema MeCTO AuUCKyCcCMA O CTpOeHHH «u- 
Cy b(POKCH OB»: 


Ro SO = SOren (1) vue Ra SO, Sk TIT 


OcHOBBIBancb, TlaBHbIM OOpa3s0M, Ha peaKUMAX MOMYYeHHA, BHAYae NOMaraH, 
4TO STH COCAHHEHHA MMeIOT ANCysbpoKcnAHy cTpyKtypy (I); nox Takum uHa- 
3BaHHeM OHH BOUMWIH B XHMHYeCKYyIO sHTepaTypy. B nocnennue rogpl B CBASH 
c oTKpbiTvem(!,”) aHTHOAKTepHaJIbHBIX HW AHTHOHOTHYECKUX CBOHCTB 3THX BEILeCTB 
WHTepec K HHM 3HaUHTeJIbHO BO3POC, CHHTe3HPOBaHO MHOFO HOBbIX COeMHEHHEt 
3Toro Kylacca (*), MpHyeM NpHBOANTCA Bce GoubUIe aHHbIX — KaK UHCTO XHMH- 
WeCKHX, TaK HM C(H3HKO-XHMHYCCKUX —BMOJb3y CYJbPOHCybPUuAHOH KOHH- 
rypaunn (Il). 

Panee (*) MbI H3MePHJIM JHMOJIbHBIE MOMECHTEI HU KOJeOaTeIbHbIe CMeKTPBHI 
OobUOH TpPynnbl THOCyIbMospupOB HW Take CileslaH BbIBOL O CYJIbC:bOHCYJIb- 
duyuom (11) crpoenuu «qucyb@oKcuoB». 


TaOauna 1 
AKTHBHOCTb, HMM|MHH. 
mpu papyosecuu | IIpo- 
CucTema Tenn | Bpews one eae ea ag (BbIYHCI.) eHT 
* ie o6meHa 
adup | qucymed. | adup | Aucynpd. | sdup | Aucysbdp. 
*% 
CsH;SO2— SCsHs-+ 
Cue SCH, 20 D 4050 0 — 1834 1350 2700 67 
CgH;SOs— SCeH5-+ 
x * 
C,;H;S—SCsH 2a, \e2 0 640 0 643 213 426 0 
pee ret eet Nil Velo" 5 8 0} 120 | 40 84 | 40| 80 | 100 
ae 65 0,29 0 640 | 206 410 PNB 426 100 
C.H;SOs— SCsH5-+ 
* 
CHS — SC;H; 25 D 0 1386 0 1380 462 924 0) 
To xe LOOPS ES 0 1386 0) 1382 462 924 0 
POU, 162 1 0 2676 260 2150 892 1784 |~30 
170 3 0) 1386 469 915 462 924 100 


»” ” 


B yaHHonw paOoTe Lia u3yYeHHA BOMpOCOB CTpoeHHA MH peakKIWMOHHOH cno- 
COGHOCTH 3THX COCMHEHHH MpHMeHeH MeTO MeUeHbIX ATOMOB, JO CHX Nop He 
IIPHMeCHABUIMEICA K MCCeOBaHHIO STOO MHTepecHoro HM BarxkHOrO KwIacca Be- 
mecTB. Mbt Hayes IMCcb C MOMOUIbIO STOFO METOa NOJYYHTb AOMOMHUTEJIbHbIC 
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CBeJeHHA O CTPOeHHN THOCYybospUpoB, a TaK2xKe O UX PeaKIMOHHOH cmoco6- 
HOCTH C ApyruMu cepycoyepxKaluuMu BemecTBamu. M3yyuenne MexaHH3Ma B3a- 
UMOJeliCTBHA THOCYIbospupOB C MOC/IbHbIMM COCAHHCHHAMH, HMeCIOWIHMH B 
CBOeM COCTaBe CYJIb(PruAPHJIbHbIe HW AHCYJIbPUAHbIe Tpynnbl, MOET HE TOJIbKO 
jlaTb CBEJCHHA O BJIMAHHM CTPOeHHA Ha PeaKUHOHHYIO CNOCOOHOCTh, NpecTaB- 
WAtoulMe OOuyeTeopeTHYeCKHH MHTepec, HO HM MpOJIMTb CBeT Ha M€XaHH3M aHTH- 
OakTepuaJIbHOrO AelcTBMA 9THX COeMHEHHH. 

Tlonbirka mpopecTH u30TONHEIH OOMeH Cepbl MexKAy THOCyIbpospApaMu U 
QJIeEMeHTapHOH padMOaKTHBHOM Cepou, KaK HM CeMOBaIO OPKHAaTb, OKA3AaIACb 
HeynauHoH. Hu ofHo u3 uCCeAyeMbIxX COeCHHeHHM: STHJIOBLIM aPup TOMYOUI- 
THOCYbPOKHCIOTHI, TOMMIOBbI SPHP TOJYOMTHOCYAbPOKUCJOTH, STHJIOBbIA 
PUP STAHTHOCYJbPOKHCIOTHI HM PeHHOBbIN sup PeHHJITHOCYAbPOKUCOTEI — 
He OOMCHHBAJIHCb C 3/ICMCHTAaPHOH palwvoakTHBHOM CepoOH MpW HarpeBaHuu JO 
170°. Ames B Buy pesymbTaTb pador (°) no oOMeny rpynnamu RS mexJy op- 
TaHHYeCKUMU NOMHCYJbpusaMu, a TakxKe MexKTy WMCyJbPusaMM WM MepKalita- 
HaMH, MOXKHO ObIJIO OXKUAaTb, YTO eCJIM HCCIeMyeMble COCJMHCHHA MMEIOT CyVJIb- 
tboncybuaHyro KoH*uryparnto (Il), a He AuCybdoKcusHnyto (I), TO OHM pA 
OMpeMeNCHHBIX yCJIOBHAX MOryT OOMeHHBaTbCA Tpynnamu RS Cc COOTBeTCTBY10- 
WUMH LMcybpuyamu. 

PesyslbTaTbI OMbITOB 10 OOMeHY Cepbl MexKAy THOCYJIbPosupaMu UW WHCyJb- 
(buamMu mpuBeleHbI B TaO. 1, MpH4yemM BO BCex CJlyyaHx OMpeleAMaACb aKTHB- 
HOCTb OCAJKOB CyJbiata OeH3uuHa. Kak BuAHO 3 aHHbIx TaO. 1, BO BCex 
HCCJIELYEMbIX CHCTeMax, MPH OMpeeICHHbIX YCJIOBHAX, HaOwOaeTCA M3OTOM- 
HbIM OOMeH Cepbl. Jia Toka3aTeJIbCTBa TOFO, YTO PaNHOAaKTHBHbIM M3OTONM Cepbl 
NepeMellaeTCA H3 OHO MOJICKYJIbI B Apyrylo B pesysbTaTe OOMeHa rpynnaMu 
RS, a He aTOMaMH Cepbl, OblIH MPOBeCHbI OMbITLI MEXKAY THOCYJIbP~OSPHpOM U 
WucysbpuyoM Cc passHuHbIMH R. OKBUMOJIAPHbIe KOJHYeECTBA TOJHIOBOFO 9CH- 
pa TOJYOJITHOCYIbPOKNCJOTHI H MeYeHOFO AMOTHILUCYyIbputa BbILepKUBAIUCb 
3,5 vaca mpu 162°. B cayuae, ecu OyeT uMeTb MecTO OOMeH rpymnaMH, B pe- 
AKUMOHHOH CMeCH JOJDKeH MOABHTbCA MECYECHBIM STHJIOBLIN SPUP TOJLYOJITHOCYVJIb- 
(bOKHCVJIOTHI: 


* * * 


CH3CgHgSO2SCgHaCH3 + CeHsS — SC2Hs— CH3Cg HsaSO2 — SCH; +CH3CgHsS — SC,Hs 


@MpakUMOHUPOBaHHeM B BakyyMe Obl BbIZeIeH H HLeCHTHDUIMPOBAaH ZTHJIOBbIM 
adup TomyouTHocymbpokucnote: T. Kum. 115°/4 mM, ni° = 1,5731, HaliqeHo 
cepp! 29,3%, BLIUHCIeHO Cepb! 29,6 % .PannoakTMBHOCTb Cepbl THOS*PUPHOH rpyn- 
Mbl COOTBETCTBOBAIA AKTHBHOCTH HMCXOAHOrO AuITHIAUCyIbpuna (3242 u 3260 
YiMIlI/MHH., COOTBETCTBEHHO). CyeOBaTeJIbHO, palMOakTHBHbI H30TON Cepbl nepe- 
MeUaeTCA H3 MOJEKYJIbI AUCyIbpuya B MOJeKYJY THODUPa BMECTE C STHJIb- 
HBIM pafMKaJIOM, T. €. MPOHCXOLNT OOMeH rpynnamu RS. Hanvune o6mena rpyn- 
mamu RS B vCcweqyeMbIxX CHCTeMaX ABJIACTCH BECbMa BECKHM JOBOJOM B MOJIb3y 
cymbdoucyibpusnon (11) Kondurypauun THocysbdosdupos. 

Ilonaraem, 4TO B HaCTOAWLee BPEMA B PesyJIbTaTe BCero KOMMIeKCa UCCIe- 
NOBaHUH MOXKHO CYHTAaTb AOKa3aHHbIM THOCYJIbPOHATHOE HIM CyIbPoHCyIbpuy- 
Hoe (Il) crpoeHue «qucymbcoKcuoB». 

M3 qaHHpix Ta. 1 BuaHO, YTO COMeHOcnOcoOHOCcTh rpynnamu RS mexyy 
THocyJbpospupaMH H AuCyIb*~uaMH B 3SHAUHTebHOH CTeMeHH 3aBHCHT OT 
MpHpodp paguKkanow R. AnnunoBpi sup awiusTuocymbbokucnorp (nceBjo- 
aJIJI MIME) oOmeHuBaeTcsa rpynnamu C3H;S c anmMsqucysb@uOM y2Ke npH KOM- 
HaTHOH TemMepatype; MOMOOHbIe COEMMHEHUA C CPEHHMbHbIMH palukaamMu OOme- 
HMBaloTcA Tpynmamu C,H;S npw cna6om uarpepanun (50—60°), a npon3Boz- 
HbI€ C STHJIbHBIMH PakukKasaMM OOMeHHBAIOTCH JHWIb mpH ~160°. 

J\1a BbIACHeHHA CTeneHH BANAHHA R u R’ Ha OOMeHocnoco6HOCTS rpynnamu 
RS B ucceqyembix CucTeMax Oblla H3MepeHa CKOPOCTh H30TONHOrO ObMeHa 
Cepbl M@2%KLY STHJIOBbIMH SPUPaMH HEKOTOPbIX THOCYJIb(POKHCJIOT, C OMHOL CTO- 
POHEI, H MCYeCHbIM JHSTHJAMCYIbdHAOM,—c Apyrol. Huxe npuBeyenbl KOH- 
CTaHTbI CKOpOCTH Hs0TONHOrO OOmMeHa K mpH Temmepatype 162°: 
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ITUAOBLH 9pup K- 108, cex-} 


OTaKTHocybpoKucoTH CzH;SO,— SC2H; OR25 
BenrsostHocy aboxucnoth CgH;— SO2s— SC2H; 0,14 
8-HadranntHocy mb poKkuciotbt C;>H;SO2— SC>H; 0,414 
n-BpomOexs0ntHocyabpokucnoTE ~=BrCy.HaSO2.—SCsHs Ons7 
n-TonyouTHvocysbd okncnoTE CH3CgHySO.— SC.H; 0,44 
n-Hurpo6ex30si vocyab@okucioTH NOsC,.HySOo— SC2H; 4,09 


OSTHIOBLIE SPUPbI PasMYHBIX THOCYIbOKNCOT COMeHHBaIoT¢CA Tpynnamn 
C,HsS C MeYeHbIM JMSTHIANCybULOM MpHOHSHTeMbHO pH OXMHAKOBbIX 
yCIOBHAX: OOMeH uJeT C H8MepHMOM CKOpocTbio npn 162°. Bce Ha6s0zaempie 
M3MCHCHHA B KOHCTAHTaX CKOPOCTM HM30TOMHOFO OOMeHa yKJIabIBaloTCA NpHu- 
OJIM3HTCJIbHO B OHH MOpsoK. 

M3 conocTaBleHHA MpHBeAeCHHbIX JaHHbIX HM MpeACTaBJeHHEIX Ta6z. 1 mo- 
2KHO CelaTb BbIBO O TOM, YTO COCTaB MW CTpoeHHe pasuKasa R’, Bxoyauero 
B COCTaB THHJIbHOH R’S-rpynnbl, OKa3bIBaeT 3HAYMTCIbHO OoubIUee BuIMAHHe 
Ha peakUMOHHy!0 cmocoOnocTb cuctem RSO,—SR’+ R’S—SR’, uem paguxaa R, 
TIPHCOCMHEHHBIM = K CYyJb(OHOBOH Frpynne. Cmeqyer OTMeTHTb, UTO 9TOT 
pesyJbTaT, NMOYYeHHbIM HaMH MyTeM H3yYeHHA NoOsBMxKHOCTH RS-rpynn 
B MOJ@JIbHbIX CHCTeEMaX, HAXOJMTCA B CoracHH C ZaHHbimu Benoyca (*) nu Bouw- 
Wbipesa (*) MO H3yYeHHIO AaHTHOAKTePHaJbHbIX CBOLCTB Pa3z/IMYHbIX 3PHPOB THO- 
cyib@okucor. Bpwio, HampumMep, moKa3aHo (°), uTO 3aMeHa aJIMbHOrO pa- 
WuKalla (eHHJIbHbIM NO COceACTBY C CYIbC*OHHJIbHOK rpynnon: anus —SO,— 
—S—assun u pexusi—SO,—S— au, —pakTHYeCKH He BbI3bIBaeT H3MCHCHHA 
AaHTHOaKTepHaJIbHOH AKTHMBHOCTH, BTO BP€MA Kak MOMOOHAA 3aMeHa AJIJIMJIbHOrO 
pafqukasia *eHHJIbHbIMBrpynne R’S fenaer coeqMHeHHe MasOaKTHBHbIM. OjHa- 
KO JaHHble O BJIMAHMM PasMKaJIOB Ha PpeaKIHOHHy!0 CMOCOOHOCTA THOCybdo- 
SPHPOB elle MaeKO HeMOCTAaTOUHH! AIA Oolee ryOOKUX BbIBOOB. 

O6HapyxkeHHoe B aHHOH paOoTe sBseHHe OOMeHa rpynnamu RS mexyay 
THOCYbPospupaMH WH AHCyJbPuAaMU MpelcTaB/AeTCA BeECbMa HHTEPeCHbIM, OCO- 
O€HHO B CBA3H C AHTHOAKTePHaJIbHOH AKTHBHOCTbIO THOCYAbPosbupos. 

Bonpoc 0 MexaHH3Me aHTHOakTepHaJIbHOrO JeHCTBUA STHX COeMMHEHHH NOT- 
HHMaJICA B JIMTepaType, OAHAKO OH OCTAaeTCA JayIeKO He BbIACHeHHbIM. Hexoroppie 
apTopp! (1,2), OCHOBbIBaACh Ha peakUWHH THOCYJb(PospUupoB C MepKanTaHaMH H 
COCHHEHHAMH, COJepxKaulM4MH CyJIbiruApHJibHblIe Tpynnbl (WMCTeHH, TulyTa- 
THOH), BbICKa3bIBaIH MpelMosOxwKeHHe O TOM, 4YTO M€XaHH3M aHTHOaKTepHalb- 
HOrO JelHCTBHA 3aKOUaeTCA B OJIOKHPOBKe CYJIb(PruApHJIbHbIX rpynn MeTaoo- 
aMTa CorlacHO peaKIHH: 

R— SO, — SR’ + R”SH > RSO2H + R’S — SR’ 
CyeQCTBHeM 9TOFO ABJIACTCH HapyuleHHe OOMCHHBIX MpoleccoB OakTepHasIbHOH 
KJICTKH. 

PesybTaTbI JaHHOH paOoTb! CBUAECTEIbCTBYIOT O TOM, YTO THOCYIbposupbl 
MOryT pearHpOBaTb HE TOJIbKO C CYJIbQrHAPHJIbHbIMH, HOH C QMCYysbuAHbIMU 
rpynnaMu COeAMHeEHHH H, MO-BHAHMOMY, C AMCYJb@MAHIMM CBA3AMH OeJIKOBbIX 
monekyil. Ilostomy MexaHH3M aHTHOaKTepHabHOrO MecTBHA THOCYyAbPospu- 
pOB MOxKeT ObITb HHbIM, HEX*KEeIM MpeAONaraloch paHee. 1 

Mobi nosiaraemM, YTO MpH HCCeOBAHHN aHTHOaKTepHaIbHOM HW AHTHOMOTHYe- 
CKOH AKTHBHOCTH THOCYJIbPOsPHPOB HeOOXOAHMO YUHTHIBATb BOSMOXKHbIC pe- 
akWHH C JMCyb*uAHLIMM rpynnamMH OeKa. 


@Mu3HKoO-XUMHUeCKHH HHCTHTYT Tloctynuao 
um. JI. A. Kapnosa 12 XI 1957, 


HWMTHPOBAHHAS JIMTEPATYPA 
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Jloxnaanm Arkagemun nayr CCCP 
1958. Tom 122, Ne 2 


XHMHA 


WM. WH, JIMMMJIMHA 


CTPOEHHE MHOPOAREPHbBIX JBYX3APAHbIX 
YPAH-KHCJIOPOJHbIX KOMIMUJIEKCOB H WX PASMEMJEHHE 
B CTPYKTYPE BOJHOrO PACTBOPA 


(IIpedcmaeneno axademuxom WH. H. Yepnaeeoim 6 V 1958) 


B pasOaBJleHHbIX BOJHBIX pacTBOpax cole ypaHuula, ABJIAIOWuxcA 2—l- 
91eKTpoHTaMH, ypaHun UO,?*umeeT KOoopyMHallMoHHOe uNCIIO 6 MH pasMeljaeT- 
CA B KaHaslaxX CTPYKTYPbI BOAbI BAOb ocH KaHasa (1). Tuapomu3s npuBoyuT kK 
o6pa3s0Banulo B pacTBOpe MHOFOAepHbIX KOMMIeKcoB (?~"); HaMOomee MocTo- 


Be€PHbIMH MOXKHO CUMTATb CBeEJeCHHA O CYLIeECTBOBaHHH HOHOB WOOF" a Won 
TIpeqcrapum ceG6e, uTo 2 (um 3) ypaHHJI-MoHa, KaxkJbIM U3 KOTOPBIX OKPyKeH 
6 MOweKyaMu BObl, pacnouaraiorca B 2 (uM 3) CoceqHUX KaHaJlax OHOrO 
COA CTPYKTYpbI Bob! (puc. 1 au 2 a). UMenuo B 9TOM Culy4ae MOryT MpoTeKaTb 
peakuuu rHuypouusa: 


2U02+ + H,O = U,02* + 2H+, 
3U03T + 2H,0 = U,O2t + 4Ht. 


Sapa, ypanusia cocpefoToueH B aTOMe ypaHa, a aTOMbI KHCJIOpoyqa NMouTH 
3JIEKTpoHelitpambHE! (°), mostomy cBi3b U—O—VU 6ynzer ocymectBaTEca 
B 9KBAaTOPHaJIbHOH MIOCKOCTH, OOmleH 
WIsl BCTYMAIOWIHX B peaKILHIO ypaHH- 
nos. IlockoJIbKy CJIOXKHbIe HOHbI Cy- 
WECTBYIOT KaK CaMOCTOATEJIbHbIe CO- 
cTaBJisiouive, cBi3b U—O B Hux 
WOJLKHa ObITb MpouHOH, co 3HaUH- 
TeJIbHOH CTeMe€HbIO KOBaJICHTHOCTH. 
J\1a BbIACHeEHHA CTPOCHHA ITHX KOM- 
MJIEKCOB OOJIbIoe 3HaYeHHe VMeeT HU 
TOT @akT, 4TO OHH OOpa3yroTca He 
TOJIbKO B Tpolecce ruy{pomusa, HO Hu 
IIpH pacTBOpeHHH TpexoKucH ypaHa B 
pacTBopax covleHt ypanuuia (*). B o60ux 


+ 
Puc. 1. OGpasopanue uona U,O0";: a —2 ypa- 
HWIa, B COC@MHHX KaHalaxX CTPyKTYyPbI BOE; 
Or » 
6 — uon U,O2 , Bo3sHHkuIMu u3 2 ypaHHuJos, 
CBASAHHBIX MexKy co6olH HoHom O?-. Ocb O;— 


—U — O, ypanuuaa nepnenqukynapHa K moc- 
KOCTH PHcyHKa, Coplaatomel Cc 9KBaTOPHaJIb- 
HOM MJIOCKOCTbIO ypaHHsI0B; OAHH aTOM KcIIO- 
powa O; HaxOMWTCH 3a MMOCKOCTbIO pucyHKa, 


Apyrok — nepeq He; mpoeKuua aTOMOB KHC- 
WOpowa Ha WIOCKOCTh pHcyHKa oOo3Ha¥eHa 
TyYHKTHPOM; MOJICKYyJIbI BOZbI OOO8HAUCHEI TOH- 
KUMH CIVJIOWIHBIMH JIMHMSIMH; KOHTYPbI KOMMIe- 
KCa B SKBATOPHaIbHOU MIOCKOCTH O603HaUeHbI 
CIJIOWHOH %KHPHOH JMHHeL 


CulyuaaX IBeT pacTBOpa MeHsHeTCA Cc 
2KeJITO-3eIeHOTO, XapakTepHoro JA 
BOJHbIX PaCTBOPOB, B KOTOPbIX IIpH- 
CyTCTByeT ypaHHJI, Ha opaHKeBbiit, 
XapakTepHbI WIA TpeXOKHCH ypaHa, 
UTO CBHCTEIbCTBYET O TOABJICHHH B 
BOJHOM paCTBOpe COCTABJIAIONINX, B 
KOTOpbIX HMeeTCH ypaHHJIOBaA CBA3b, 
XapaKTepHasdl JlJId TpexoKHcw ypaHa 
(paccroanue U—O nopsyxa 2,0 A) 


(°,1°). Mcxoma u3 U3 102%KeHHOrO, MbIl CUHTA€M,4TO U,O2+ ui U;O02+ B pacTBope HMeIoT 
cTpoeHHe, Mpe{ctaBsieHHoe Hamu Ha puc. 16 u2 6. Jlunelinpie ypaHus-noubl pac- 
MOJIOXKeHbI NepMeHAMKyJApHO K JHHeHHOH wenu U—O—U—O pa3Me- 
IeHHOHK B OJHOM cJlOe CIpyKTypbl Bomb; paccrosHud U—O; B orjeubHbix 
ypanuiax HB wend U—O... ognoro nopayxa. B Kommuekcax mnpucyTcTBy- 
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CC | 


JOT SJIEMEHTLI TOH CaMOH IWenOUKH Cc ypaHHJIOBOH CBA3bIO, KOTOpait HMeeTCA B 
UO ;, HO cyllecTBeHHoe OTVIMUHe 3akUOUaeTCA B TOM, UTO B U,O2+ uw B U;02+ 


MNpHCyTCcTByeT Kak Ilelb C ypaHHJIOBOH CBA3bIO, TaK HW OTJeJIbHbIe HOHDI WON, 


Puc. 2. OOpa30BnaHHe HoHa U;03+: a—3 ypanHuna B cocez- 


HHX KaHallaxX CTPYyKTYPbI BOLI; 6 — HoH U305*, BOSHUKIUMH 


M3 3 COceAHHX ypaHMVJIOB, CBASAHHBIX MexKy coOoli B NpsAMo- 
JWMHeMHYy!0 Welb HOHAMM O?”. OGosHayeHHA Te Xe, UTO H Ha 
pue. 1 


T. €. YpaHWJloBad CBxA3b OyfeT B ABYX BSaMMHOMepnenAMKy APHEX HanpaBvie- 
Huax. Henunehoe crpoeHue MuorosiepHoro KomnuieKca U;O2+ c¢ o6pasosa- 
U 


HHeM TpeyrombHuka U—U 8 ome skBaTOpHasbHOli NNOCKOCTH ypaHVJIOB npeyl- 
CTaBJIAeTCA HAM, M@JIOBEpOATHBIM MOCKOVIb- 
Ky KaKJIbIli aTOM ypaHa JOJDKeH Obl OBI 
IIpH 3TOM JaBaTb B SKBATOPHaJIbHOM TIOCc- 
KOCTH J[Be HECHMMeTPHUHO pacmovlOxeHHble 
cBpa3H. PaccMaTpHBaeMble KOMIIJICKCbI He 
MOryT HMeTb TakxKe CTPOeCHHA B BHe Welu 
[O; — U — O;]—O — [O; — U —O;J—..., 
TaK KaK ypaHHJI, BCJleqCTBHe 9JIeKTpOHeli- pute RU Ree a rarest s 
TPaJIbHOCTH eFO KHCJIOPOOB, He AaeT Mpow- Be ce 207: 2 ypa- 
HbIX OCEBbIX CBA3eH. . gp Ae SOS 
CTPyKTYPbl BOAbI, CBA3AHbI B IPsAMOUH- 
Okovlo ypaHuuia, BOlllemuero B COCTaB Heli Hy!0 Welb HOHOM O27; Ha o60ux KOH- 
CJIOMHOrO HOHA, Telepb yxKe He MOLyT, B Wax Wen TakwKe HaxO.ATCA HOHbI O2-, 
cHuly cTepHueckux (bakTOpOB, pasMecTHTLCA  OSosHayenua Te xe, YTO H Ha puc. | 
6 MosekyJI BOZbI, OMHaKO Kaxk Ibid ypanus 
B 9SKBATOPHaJbHOH MOcKocTH OyfeT OKpyxXeH MOVJIeKyIaMH BOJBI m0 
Tuny, HawOojee  NpnOsMxKalouleMycA K OKpyxKeHuIo | ypaHus-noHa B 
pacrBope. Hou U,02+ 6yyeT oOKpy2keH B SKBaTOpHaJIbHOl mMocKocTH 8 Mo- 
JIeKysIaMu BObI, a HOH U;02+ 12 MowieKyJlaMu, KaK 53TO BUHO u3 puc. | 6 


u 2 6, BBINOHeHHBIX B MacuiTade. KoopyMHalonHoe uncIO KpaHHux ypa- 
HYJIOB B MHOFOSIepHbIX KOMMJIeKCaX YMeHblllaeTca NO 5, [WIA cpefHero OHO paB- 
Ho 6 (B SKBaTOpHasJIbHOM MIOcKocTH 4 MOJIeKYJIbl BOB! H 2 aToMa KucOposa). 
Unco MOvIeKyJ BOXbI OKONO KOMMMJIeKca, Cofepxalkero f aroMOB ypana, 


papuo 4 n. 
O6masax cbopmyma Wa cocTaBa [ByX3apANHBIX MOJIOMKUTCIbHBIX YPaH-KHC- 


JIOPOJHbIX KOMIVICKCOB, MOCTPOeCHHBIX NO NPHHUMIy JIMHeHHOH Wen ypaHy- 
JIOB, PaSMCULCHHBIX B COCeIHUX KaHaslaX CTPYKTYPbI BOAbI M CBASAHHBIX AaTOMaMH 
KHcOpoOya, MOXKeT ObiTb WpekcTaBieHa B TaKOM Buse: 

[U,0 sn FP. (4) 
@opmye MOXKHO MpUAaTb BUA, MOKASbIBAIOULMH, YTO KOMMVI€KCbI NOCTPOeHbI 
H3 ypaHuJoB: 


[n UOSt . (n — 1) OF-]7*. (2) 

B srux dopmymax nm — unc0 aTOMOB ypaHa uM YNcNO ypaHwi-nonoB Kak 
no dopmyae (1), Tak “ m0 dopmyvte (2), mpH n= lumeem ypanun, UO"; up 
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n=2 nomy4aerca U,02*; npan=3 nomyyaerca U,02*. Caezyiouuit non Syqer 
umeTb Bug U,O%*; Bo3MoxKHO, UTO B KaKOM-TO, OU€Hb HEOOIbIIOM, KOJIM4eCTBE 
M OH IIpucyTcTByeT B pacTBope, HO MpH OOIbUIeM f KOMIWI€KCbI B pacTBope 
9KCMePHMeHTaIbHO He OOHapyxKeHbl. ApsaHy, Xustanen um Cutie (’) mpeasio- 
*KWIM JIA MHOFOAepHbIX KOMMIeKCOB ypaHHsa B pacTBope dopmyuibl UO;- 
[(OH),UO,]?," 1 UO,(OUO,);*, nomyyennple mpH MaTemaTH¥ecKCH ocOpa6oTKe 
JaHHBIX MO THApomu3y ypanus-voHa. Bonpoc oO cTpykType MHOrosepHbix 
YpaHWIOBLIX KOMMeKcoB ApJlaHy M Jp. pellaioT M0 aHaylorHu CO CTpyKTypou 
Kpuctam10B BaUO,O,, CaUO,02, UO2(OH),, 6e3 ysera crpyKTypbI BOJbI H BOJ- 
HbIX pacTBOPOB, COAep*KaulHX ypaHn. OHM MomaratoT, YTO MHOrosepHble ypa- 
HMJIOBbIe KOMIMJI€KCbI B BOAHOM pacTBOpe OOpa3yl0T MpH yBeHYeHHH 1 MIOCKHH 
coli, B KOTOpOM ocymlecTBaeTca KOOopmuHauua UO,—40 unu UO,— 60H. 


M3n0xKeHHOoe BBILe Hallie MpecTaBJIeHHe O JIMHeHHOM CTPOeHHH U,05 UJ ,089 
c Koopaunaunet UO,— 20, 4H,0 ana ypaHuusos, pacnouIo%KeHHbIX B CepeqHHe 
wen, u KoopsuHauued UO,— O, 4H,O ana ypanuioB, pacnomO%*KeHHbIX Ha 
KOHWaX Wend, OTMMYHO OT MpecTaBJIGHHA YKAa3aHHbIX ABTOPOB O CTpyKType 
KOMIMJI€KCOB, MOCKOJIbKY, BO-MepBbIX, Hallie MpecTaBIeHHe HCXOMMT H3 9KCTe- 
PMMeHTaIbHO HaleHHOrO KOOPAMHALMOHHOrO 4MCIa ypaHHwla B BOHOM pac- 
TBOpe MH pa3MelUleHHA YpaHHJI-HOHOB B KaHaJlaX CTPyKTYPbI BOsbI (') H, BO-BTO- 
pbIX, H3 MpHcyTCTBUA B YpaHMJIOBbIX KOMMIeKcax enw U—O...c ypaHuoBou 
CBA3bIO, XapakTepHoH aaa UO,. CocTaB nmosoxKUTebHLIX MHOFOACPHbIX KOM- 
TWI€KCOB MOXeT ObITb ONHCAH KaK HalllMMu *opmyviamu (1) u (2), Tak H BTOpOH 
copmysoH ApmaHya uw Ap.; nepBad dopmysia 2THX ABTOPOB He CorvlacyeTcA Cc 
HalluMu. 

IIpu yBenuyenuu pH pactTsBopos cose ypaHuma B pacTBope OOpa3yr1oTca 
yxKe He MOJOXKUTeIbHbIe, a OTPHWaTebHble MHOTOAAepHble YpaH-KUCOPOAHbIe 
KOMMIeKCbI. PaccMOTPHM CJI€YIOULMe IKCMEPHMeHTa/IbHO YCTAHOBJICHHbIe CO- 
eluHeHua: ypaHat, Na,UQ,, auypauat, Na,U.O7, Tterpaypanar CaU,O,; (*), 
rentaypauaT, Na,U7O,. (1!) wu oxtaypaHaT, Na,U,O,,; (7). Bo Bcex 3THx cay- 
yaaX HMeIOTCA. CIOXXHbIE AHHOHbI. OCHOBbIBaACh, BO-MePBbIX, Ha TOM, TO MpH- 


cyrcrsue UO3" B ypanaTax ycraHoBseHO pentrenorpaduyecku (1%,14), u, Bo- 
BTOPbIX, Ha TOM, 4TO OOpa30BaHHe OTPHLAaTebHbIX MHOFOANEPHBIX KOMIMJICKCOB 
ABIACTCA JIMUIb CIELYIOUeH CTYMeHbIO NOCIe OOpa30BaHHA B pacTBOpe NOMOXKH- 
T@JIbHBIX MHOPOAePHbIX KOMM1eKCOB (1!), MbI CUHTaeM, UTO MHOTOAepHble ypaH- 
KHCJIOPOAHbIe AHHOHbI CeLyeT paCCMaTPHBAaTb Kak YPaHHWJ-KHCOPOHbIe KOM- 
niekcbl. pynnbl ypanusia pacnoaratoTca B KaHajaX CTPyKTYpbl BOJbI Tak, 
YTO HX SKBATOPHAaJIbHbIe MJIOCKOCTH COBMalaloT, a ATOMbI ypaHa HM KuCMOpora 
B 9TOH MVIOCKOCTH pacnoyiaratoTcA Ha OAHOH MpAMOH JMHHH, OOpa3yxA Ty *e 
camylo enouky C ypaHHoBOH cBA3biO O—U—O..., koTtopaa HaOmlofanacb B 
MOJIOMKUTEIbHBIX KOMIIe€KCaX, HO Ha KOHWAaX Wen B OTPHUAaTebHbIX KOMMWIe- 
KCaX HaxXOAATCA aTOMbI KUCMOpOsa (pH. 3), YeM OTPHIaTebHbIe MHOFOs JepHble 
KOMIIJI€KCHI OTJIMYAIOTCA OT MOJIOXKUTEIbHBIX KOMMJI€KCOB, B KOTOPbIX Ha KOHWAaX 
Wemw pacnoaraioTrcA aTOMbI ypaHa. 

AA MHOPoAJepHbIX ypaH-KHCOPOAHBIX KOMIWIeKCOB, HecyuHx 3apay (—2), 
MOXKHO IMIPeAVIOKHTb cieAyioulyio OOulyro cdbopmyny: 


POO aaa 


? 
= oe = = 
n=7 UO; npn n=8 UsO;. He ucksmtoueno, uTO B 3ABHCHMOCTH OT pH, B 
pacTBope MOryT ObITs HM ApyrMe MHOFOsAepHble KOMMVIeKCHI, HaNpHmMep mpH 
_ 2— 
n=3 — KOMIJI€KC U;Oj . Tak »ke Kak HW B Cy4ae MOOKUTeLHBIX KOMIWIeK- 
COB, OOWleH (opmye, BbIparxkatoulei cocTaB OTPHUaTebHbIX MHOFOALepHbIX 


KOMIVI€KCOB, MO?KHO TIPHaTb WHOM BU, KOTOPbIi OyeT NOAYepKuBaTb MpH- 
cyTCTBHe ypaHuua: 


Ipa n=1 sosnuxaer UO}; npw n=2 U,O7; npw n=4 U,O%;; npn 


[2 UO2T . (n + 1) OF-]2-, 
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EcaM CpaBHUTbh OpMYJIbI NOMOAKUTEMbABIX H OTPHIATEbHBIX KOMIWIeKCOB, 
HeJIb3A HE BHETh UX BeCbMa OJM3KOFO CXOJCTBA, MOCKOJbKY OHH OTParKaloT 
NIPHHWMNHaIbHO OJMHAKOBOe CTpOeHHe JBYX3aPAHbIX KATHOHOB HM aHHOHOB 
(NPpaAMOJMHeMHaA IWelb U3 ypaHWJIOB, CBA3AHHbIX aTOMaMu KHCIOpoa); pas- 
JIMUHe B CTPOCHHM 3THX KOMIIJIEKCOB CBOJMTCA K TOMY, ITO B OTPHIaTeJIbHbIX 
KOMIWI€KCaX Ha KOHIaX eM CTOAT aTOMbI KUCIOPOMa, a B NOMOKUTCIbHBIX — 
aTOMbI ypauHa. 

UlecrupanentHb ypaH cmoco6eH oOpas0BbIBaTb pa3uIM4HbIe ypaH-KUCJIO- 
PpOWHbIe KOHPUrypallMu C ypaHUJIOBOH CBA3bIO BO B3aMMHOMepMeHMKYJAPHBIX 
HanpaBleHuAx. Kora ypaHHsloBad CBA3b HMeeTCA B OMHOM HallpaBuenHun, 
oOpasyloTca JMHeHHbIe KON@urypalun (ypaHus-vOH; wWenb Cc ypaHHJIOBolt 
cBA3bio B a@-UO;). PaccmorpeHupie 3eCb MHOFOsJepHbIe KOMMUIeKCHI 
AaloT TIPUMepbI Oomee CORH‘IX YPaH-KHCJOPOLHbIX KOH(urypaluli, Korya 
ypauHJIOBaA CBA3b MMeeTCH B JBYX BSAMMHOMEePNeCHAHKYJAPHBIX Hampapyie- 
HHAX. KyOnyueckyio MogudpuKannio UO, (1°) u UO.(OH), (15) mer paccmarpu- 
BaeM KaK COCQHHCHHA, B KOTOPBIX ypaHWJIOBad CBA3b HaOwJIOaeTCA B TPex 
B3aMMHONepneHAMKYJIAPHBIX HallpaBJICeHHAX B MpOCTpaHcrsBe. 


VWuctutyt o6ujeh H HeopraHu4eckol xuMHH uM. H. C, Kypuakopa Tloctynuso 
Axayemun HayK CCCP 19 IV 1958 
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XHMHA 
Axanemux |4, H. HA3APOB |, Jl. H. MBAKOBA u B. A. PYEHKO 


JETMJPHPOBAHHE HECHMMETPUYYHOrLO 
METHJIM3ONPONMMJISTHJIEHA HW ErO CMECEM 
C TETPAMETHJISTHJIEHOM 


'B mpofomKeune Halux MCCeqOBaHHH MO AeruAporenusaluu TeTpameruil- 
aTuleHa HM TpeTHYHOOyTHJIETHIIEHA (*) HAMM W3y4aslOCb AeruspHpoBaHve HeCHM- 
MeTPHYHOFO MeTHJIM3ONpOnMJsTHeHa, a Take CMCCH ero C TeTpaMeTHJISTH- 
JICHOM Ha MPOMBIULJICHHIX KaTasIM3aTOpax, IIPMMCHAeCMBIX AIA Meru pupoBa- 
Hua OyTuiena B QuBuHH. Mcxogupie yreBoxopoyb nomyuanuch Jeruipata- 
well MMHakOJIMHOBOrO Crupta (*), H U3 OOpasyroujelicA CMeCH HECHMMeTPHUHOTO 

METHJIM3ONPONHSTUIeHa C TETPaMeTHJISTHJICHOM (mpe- 
felbl BbikunaHua 5o—74°, n+9 1,4082, a 0,706) 
C MOMOULbIO PCKTHPUKALMH BbIAeIAIMCb HECHMMET- 
PHUHbIM MeTHIM30NpoNHSTHIeH (T. KUT. 55,8°/760 mM, 
n° 1,3915, d-° 0,6825) u  TerpametusisTuneH (T. 
kun. 73°/760 mm, n%° 1,4122, d*° 0,708). Onpitst m0 


JervApHpoBanuio MpOBOAWJIHCb Ha yCTaHOBKe Mmpou- 
Horo Tuna (1); KaTamIM3aTOp mMepe OMbITOM akTHBH- 
poBasica BOOpoyqom B TeyeHHe 1 yaca npn 630°. 
PereHepalua KaTasu3aTOpa OCYIeCTBIANacbh mpo- 
MyCKaHHeM mMapoBo3sqymHol cmecu mpuH 630°. IIpu 
pereHepauuu KaTasusatopa K-16 HaOsmoxanocb mo- 


BS S 


~ 


Omuowenue Gorcom nukob 


; ; : BbILIeHHe TemMepatyppt Ha 30—59°. JTerunpuposa- 
—“npoyenm usonpena_-«HM€ =HECHMMETPHYHOrO MeTHAMsONpPONMNSTHWJeHA MPO" 


npougnm 2o-dumerunbyraguenad «= BOJMMOCb HA KaTasusaTopax K-12, K-16 u K-18 npu 
Puc.1. Tpanyuponownan xpu- TeMMepatype 630°, o6bemHOot cCcKOpocTH mnopsnKa 
past ipHOopa 1500 1 Ha WHTp KaTamu3aTOpa B 4ac, Mp BOCb- 
MMKPaTHOM pa3O0aBJIeHHH BORAHbIM Mapom. Kara- 


usaTopa Opasoch OObMHO 5 MA, MpOAOJKUTeEMbHOCTb 
OMbiTa coctaBasa 1 uac. 


IIpH pa3sroHke KOHJencata coOupanach (ppakuua c T. Kun. 32—72°, comep- 
2KaHHe MMCHOBbIX YIieBOJOpOAOB B KOTOPOH oMmpezenasoch KONeHCanHer 
C MaJICHHOBbIM aHTHApryjom (3). OTHM MeTOAOM B KOHJeHCaTaxX BCeX OMbITOB 
MO ferHApHpOBaHHIO HeCHMMETPHYHOFO MeTHM30NpONMsTHeHa UeHTHH- 
WHpOBaH M30MpeH NO ayKTY C MaJICHHOBbIM aHTHgApHyom (4) (tT. na. 64°) u 
2,3-qumMeTuOyTaqveH-1,3 no aqAyKTy C MasIevHOBbIM aHTHapnyom (°) c T. mu. 
76° u Terpaopomusy (°) c T. ma. 138,5—139°. C nomonbio pasrouKH Ha KOJIOHKe 
KOHJeHCaTa OMBITOB MO erupHpoBaHulo 9TOrO yrsmeBoqoposa Ha KaTamu3a- 
Tope K-16 Bpiqerenb! usonpen H 2,3-qumMeTus6yTaquen-1,3 B CooTHOmeHHH | : 2. 
Pa3roHkKa KOHJeCHCaTOB, NOJYYeHHbIX MPH WerHApupoBaHHu HeCHMMeTPHYHOrO 
MeTHIM30MponHssTHIeHa Ha K-18, a TakxKe aHasH3 STOFO KOHeHCaTa MeTOJIOM 
ra30-*KUKOCTHOH XpOmaTorpaun mOKa3aIM COOTHOWeHHe usompeH : 2,3-2uMe- 
THNOyTaqneH-1,3, paBuoe 1,4: 1. | 

AHav3 KOHAeHCaTa MeTOZOM Ta30-2KHAKOCTHOH xpomaTorpapun mMpoBoxMa- 
CA Ha KOJIOHKE JMaMeTpOM 5 MM, JMHOH 2M, 3anonHeHHOL KH3@JIbry POM 
(quamerp uacrun 0,5—0,25 mm), cMoueHHDIM AuOyTudbTanatom (Ha 30 r KH. 


sembrypa Oeperca 14 r anOytumranata). PaOouan tTemnepatypa KOJOHKI 
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Ta6aununa 1 
ee ee eee ee er ees 2 Aen dt me DU NOSE -MSENG 


Katasu- N Togano yrae- CoSpano pak-| Cogepx. gue- | Kouuu. qneno- pie ead alaty 
3aTop onnita Bogopoga, r | WAH CT. Kun. | HOBbIX yruie- | BbIX yrseBoO- % Ha ee 
35—72°, r BOAOpoxoB, %| MOpopos, r YyraeBosopor 


_———————. 55888888] 


Jleruapupospanne H€CHMMCTPHUHOTO MCTHMH3ZSONPONHASTHMEeHA 


K-16 Xx 27,60 21,70 16,35 3,90 12,85 
XII 28 , 00 21,10 16,50 3,48 12,45 

K-12 I 26,90 16,75 WEST) 2,96 11,45 
II 27,90 19,16 16,8 3,22 11,53 

K-18 VI 30,7 12,60 23,9 3,15 10,25 
Vil 30,7 13,83 24,7 | 3,42 10,80 


Werunpupopanue cmecn 30% HecuMMeTPHUHOTO MeTHAH30NPONHA- 
| 9THMeHA H 70% TeTpaMeTHAITHMAeHA 


K-16 Ill 31,8 23,46 ie 4,15 13,05 
IV 31,8 23,04 16,6 3,93 12,30 
K-12 I 29,0 LOR 23,3 4,63 15,95 
II 29,2 18,79 Pay 4,34 14,95 
K-18 IV 31,9 23,08 22,1 0,24 16,80 
Vv 31,9 21,58 Pl) 4,74 15,20 


100°. B KauecrBe ra3a-HocnTena Obl uCMOmb30BaH BOZOpoy (1LO—15 ma/mun). 
Jima anasiv3a BbIXOJAUeErO H3 KOJIOHKM Ta3a MpMMeHAJICA BHJOMSMCHCHHbIA 


MHKPOMJIaMeHHbIA feTeKtTop (“, &). ee 
IIpuOop mpexBapuTeibHo Oplul mporpadyupoBaH Ha MCKYCCTBeHHO CocTaB- 


JIGCHHBIX CMecax (puc. 1). 


q 
6 
6 


Puc. 2. Ananu3 KCHI@HCaTa MeTOQOM 1a30-2%KHXKOCTHOH XpoMaTo- 
rpaduu. a — konteucat, onbit VI, 6 — uckyccTReHHasw CMECb, CO- 
epKaulad, KpoMe TpHMeTHISTHIeHAa HW HeECHMMeCTPHYHOPO MeTHJ- 
w30npouusz2THIeHa, 15% usonpeHa u 10% 2,3-qumerun6yTaquena 
1,3; @ — Ta »e cmecb c goOaBKoli TeTpameTHmsTHneHna. TluK Ne 4 
oTBeyaeT TpuMeTHaTHTeHy, Ne 2 — u30mpeny, Ne 3 — HecHMMer- 
Ppuuyomy MerHM3onponumeTuneHy, Ne 4 — HeHcceLOBaBLIMMCA 
MpoykTaM H30MepH3auHH, PeponTso, 2- H 3-MeTHJIMeHTeHaM, 


Ne 5 — terpametumstuneny, Ne 6 — 2,3 -yumMeTHIOyTaqueny-1,3 
6543921 — 


WN nukob 


Cpapnenue KpHBOM, MOMyYeHHOM mpH Fas0-x%KHAKOCTHOM xpomaTorpaduye- 
CKOM aHasu3e KOoHeHCaTa onbITa VI (cm. Ta6. 1), C KPHBbIMH, OTBeYAIONLMMH 
aHaiu3sy WCKYCCTBEHHO COCTaBJICHHbIX CMecel (PHC. 2), MOKa3bIBaeT, YTO KOH- 
NeucaT cojepxKHT, KpoMe M30rIpena, 2,3-qumMeTun6yTaquena-1,3 u ucxOHOrO 
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yrueBowopoma, elle TPHMeTHJISTHIEH MH HeHCCJeNOBaBLUIHCCA MPOAYKTDI u30Me- 
pusalluM, BepoaTHO, 2- HM 3-MeTHJINICHTEHDI. V3 conocraBuyieHHA XpomMaTorpa- 
(pPHYeCKHX KDPUBBIX BUAHO, YTO KOHAeCHCAT He COMPUT TeTPaMeTHJSTHCHA ~~ 
BO3MOXKHOFO HpokykTa H3OMepH3alHH HECHMMETPHYHOTO MeCTHJMSOMPOMHJSTH- 
nena. Tlonbirka BbIeIuTb ero B @opMe AHOpomuya mpu OOpadoTKe KOHeH- 
cara Br, B xmopoopmMe TakxKe He YyBeHYaslacb yCMexOM. OTHOWeHHE BbICOT 
NMKOB u30Npena H 2,3-umMeTHOyTaqneHa-1,3 Ha KPHBOM, OTBEUaIONeH AaHaH3y 
oHeHcaTa ompita VI (puc. 2, KpHBad a, NHK NoNe 2. u 6), paBHO 2,5, 
yTO COOTBeTCTByeT COOTHOWICHHIO HX B KOHJeHcaTe 5.25, (oucs §): 

CymMMa JMeHOBBIX YIuleBOLOpOsoB, OmpefeeHHaH MeTOXOM [a30-#KUKOCT- 
Holi xpomatorpadun, papna 23,0%, uTO xOpoulo CorsiacyeTca C JaHHbIMH, M0- 
JIYYCHHBIMH IyTeM KOHJeHCaIlMH C MaJICHHOBbIM aHTHApHOM (cm. Ta6m. 1), 
B ra61. 1 mpexcraBeHbl pesyJIbTaTHI OMbITOB NO WerHAPHPOBaHHio HECHMMECT- 
PHYHOTO MeTHIM3ONpONHMJITHIeHa. 


% 
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Puc. 3. Bauanne coctaBa HCXOHOM CMecH yrmeBoqOpoqoB Ha Tpowecc MerHApHpoBaHHa. 
1 — cogepxanHve AHeEHOBEIX yrleBOLOpoOqOR B KOHZeHcaTe (pec.%), 2 — BbIXO MHCHOBHIX 
yrIeBoqopowoB Ha B3ATyIO cmecb (%) 


Puc. 4. AKTHBHOCTb KaTamH3aTOpa IIpH MHOrouacoBOH paboTe Oe3 pereHepallHu 


V3 qanubix Tad. 1 BuxHO, UTO STOT yrueBOAOPOA B UCCMeENOBAHHbIX yCuIG 
BHUAX Ha BCeX TpeX KaTaM3aTOpax [aeT YCTOHMUYMBbI BbIXO AMeCHOBBIX YIJe- 
BowoposoB (u3s0npeHa u 2,3-qumeTunOyTagquena-1,3) nopsayka 10—13% una 
B3ATHIM YyrileBolopor. | 

B anaslOrMvunblx yCIOBHAX Ha KaTamM3aTopax K-12, K-16 u K-18 6pi0 uc. 
C/I€@lOBaHO JlervApHpoBaHue CMeCH HeECHMMeTPHYHOTO eee 
(30%) c TerpametussTueHom (70%). TlomyueHuple pesysbTaTHI MpeAcTaBJeHH 
B Tao. 1. 

Bausanne cocTaBa CMeCH yrieBOLOpOOB Ha OOMIMH BbIXOL MHeHa ucceLOBa 
loch Ha KaTausaTope K-16. Baio u3yyeHo moBeweHNe Cmecel C ComepxKaHne? 
HeCHMMCTpH4yHOrO.)§=MeTHAM30NponumeTHeHa 10% (n> 1,4118; d%° 0,7032? 
30% (np 1,4012, dy 0,706); 50% (ny 1,4040, dy? 0,6925) u 75% (nis 1,3978 

2 0,683). [lomyyennpe pesyuibTaTb! mpescraBienbt Ha puc. 3. 

Buyuo, uTO yBeIM4YeHHe COJepxKaHHA HeCHMMETPHUHOFO MeTHIK30NponHd 
sTHieHa oO 30% BbI3bIBaeT pe3KOe MOHW2KeCHHE KaK OOULEFO BLIXOLa IMeHOBbI 
yruleBoqoposoB, Tak M MpOWeHTHOrTO coOseprkaHH JMeHOBbIX  yrJeBoLt 
pohopB B xkoOHencate. JlanbHelimiee pasOaBleHue TerTpamernusTuser 
HeCHMMCTPHUHDIM MCTHJIM3O0MPONHJISTHJICHOM CKa3bIBaeTCA B MECHbIIeH CTeneH! 
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Karausatop K-16 nmpopepeH B ycnoBuax MHorouacoBoli padoTsI m0 Je- 
THAPHpoBaHHio TeTPaMeTHJISTHeHa Oe3 pereHepalluH mMoce KaxKoro onbita. 
Tloxasano (puc. 4), uo yxKe moce mepBoro uacoBoro OMbITa MpOWeHTHOe Co- 
WepKkaHne JWeHa B KOHJeHCaTe HM BbIXON 2,3-qumMeTHOyTaqueHa-1,3 Ha B3ATHIII 
yrJIeBOOpO Pe€3KO CHMXKAIOTCA, OCTABaACbh B J\aJIbHEMLIeEM OTHOCHTeJIbHO m0- 
CTOAHHbIMH. OTH JaHHbIe MOKA3bIBaIOT, UTO PereHepallMio KaTalu3aTopa mapo- 
BOSYMHOH CMeCbIO CJIeqyeT MPOBOAUTb MO OKOHYAHHM KaxXMOrO yacoBoro OMBI- 
Ta. Ilocne perenepauuu kKaTamu3aTop, mpopadoraBmuli HenpeppiBHO 12 uac., 
He JOCTHraeT CBOeH NepBOHaYaIbHOM akTHBHOCTH (cM. puc. 4). 


Muctutyr opranvueckoh xumMun um. H. J. 3enuuckoro Iloctynuso 
Akaylemuu Hayk CCCP 6 VI 1958 
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XHMH fl 


H. ©. OPJIOB, B. H. JOJIFOB u M. Fr. BOPOHKOB 


TPHC(TPHOPFAHOCHJINJI)BAHAJAT DBI 
(ITpedcmaeaeno axademuxom A. H. Hecmeanxoeoim 30 IV 1958) 


Opranwueckue MpousBOLHble BaHaLHA MOUTH He H3y4eHBI. ITO OObACHAETCA, 
mpexe Bcero, TeM, YTO STOT QICMeCHT, HMEIOWMH Pa3HOKBaHTOBbie BaJIeHTHbIe 
auekTpoubt (3d? 4S*), He CKMOHeH K OOpa3s0BaHHIO YCTOMYMBEIX OpraHHyecKHXx 
COCMMHEHHM CO CBA3bIO BaHayuli—yruepoy (1). OqHako M COeMHEHHA, B KOTO- 
pbIX ATOM BaHaua COeAHHeH C yrviepoOM Yepes KHCOPOA, B MHTepaType OMH- 
CaHbl COBepIeHHO HefocTaTOUHO (°). 

B wactoaueH paOoTre Hamu Obluia H3y4eHa BOSMOXKHOCTb CHHTe€3a. KPeEMHEOP- 
raHWueCKUX MPOWSBOAHBIX BaHaua, cofepxamux cBaA3b V—O—Si, Tpuc- 
(TpHopraHOocHIM1)BaHazaToB, MO CHX Mop HeHSBeCTHBIX. OTH COeAMHEHHA OBI 
MOYYeHbI HAMM B3avMoselicTBHem TpHopraHocumaHon0B c V,O;, VOCI; wan 
TpvasKWIBaHanatamu OV(OR) 3, a TakxKe peakUWel TpHSTHICHIaHOATAa HaTpHA 
Cc VOGl.. 

HauvOosee mpocTbiIM MeTOJOM MoyYeHHA Tpuc(TpHopraHocuIM1)BaHalaToB 
ABIACTCA PeaKIMA MATHOKHCH BaHalWA C TpHoOpraHocHaHoaMH: 


6RsSiOH + V205 = 2 (RsSiO)3 VO + 3H,0, (1) 


OCYIMLECTBIAe€MaA B YCIOBHAX YaleHHA OOpa3syrouleHica BOXbI MyTeM HelmpepbIB- 
HOH a3eOTPpOMHOH OTTOHKH. B KatecTBe BTOPOrO KOMMOHEHTA a3eOTPONHOH cmecr 
TIpHMeHAeTCA O€H3ON HIH pyro noyxoqauyuH pacTBopuTeib. OTrOHKa BOJIbI 
MO3BOJIAeCT CIBHHYTb PaBHOBecHe peaKIHH B CTOPOHY OOpa30BaHHA Tpuc(TpH- 
OpraHOCHJIM1)BaHaaTOB, BbIXOJIbl KOTOPbIX cocTaBa1IoT 50—80%. | 

J\pyrott mpoctoH MeToy CHHTe3a TPHOpraHOCHHJOBIX SPUPOB OPTOBaHaHe- 
BOM KHCJIOTbI OCHOBaH Ha peaKIUHH XJIOPOKHCH BaHaHA Cc TpHOpraHocHaHoOamMe 
B IIPHCyTCTBHH aKWenTOpoB XJIOpHcTorO BoJopoya (aMMHaK, TPeTHUHbIe aMHHbI 
HM p.): 
3RsSiOH + VOCI; + 3B > (R3SiO)3 VO + 3B - HCl, (2); 
raé_B = NHsg (a); CsH;N (6). 

Boeixog, s*upoB B STOM cayyae cocTaBseT 60—80%. 

YOOHDIM MeTOJOM CHHTe3a KPeMHeOpraHHyecKUX 3PupoB OPpTOBaHaHeBo 
KUCJIOTEI ABIAeTCA TepesTepupuKallua TpvaIKHIBaHalaTOB TpHOpraHocnaHo 
JaMH B MPHCyTCTBHM KaTaHTHYeCKHX KOJIHYCCTB HATPHeBbIX MPOU3BOHEIX 
NocieqHHx (OOpasyrouuxcd NpH oOaBeHHH MeTammMYecKOrO HaTpUa): 

R, SiO- 
3R, SiOH + (RO)s VO + (Ri, SiO)sVO + ROH, (34 


1 
rae R = C3H;(a), a-C,H,(6); R’= CH3, C.H;,C,Hs. Panee ananoruunas peak; 
MMA Oba C YCHeXOM HCHOb30BaHa HaMM Aid CHHTe3a KpeMHeopraHMueckH}| 
SpUpoB OopHon (*) u oproTuTaHoBoli* (*) KucnoT. YKasaHHaA peakluaA ocyuLe) 
CTBJIA€TCH MYTCM OTTOHKH OT CMeCH KOMMOHeCHTOB OOpa3yrolleroca mpH 4} 
B3A4HMONCHCTBUH CHMpTa, Mocde Yero NPOMyKT peakWHU BbILenneTcA HOO ne 
PerOHKOH B BakyyMme, MOO mMepeKpucTaniM3alneH. Brixog Tpuc(TpHopraHai 
CHJIMI)BaHawaToB jocTuraer 90%, | 


Hakone, TPpHC(TpHopraHocuauA)BaHakaTs] MOryT ObITb MoONyUeHEI 


- 
OHOBpeMeHHO c Hamu TeTpakuC(TpHOpraHOcHHA)THTaHaTbl STHM TyTeM Nowy 4H} 
MW Apyrve aptoppr (5,8), 
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XOPOWIMMH BbIXOJaMM peakilveli 
TPHOpraHOCHaHOMATOB HaTPHA Cc 
XJIOPOKHCbiO BaHaHA MO CxXeme: 


3R3;SiONa + VOCI;—» (RsSi0)3 VO -+ 
+ 3NaCl. (4) 


Tpuc (TpHaIKWICHIM1) BaHaya- 
TbI MpeCTaBIAIOT COOOH Geci[BeT- 
HbI€, OTHOCHT@JIbHO MOBYKHEIe, 
XOPOWIO pacTBOpHMBIe B OpraHH- 
YeCKHX PaCTBOPHTeIAX XKUKOCTH 
co cjaObIM 3amaxXOM TpHaIKWI- 
CHJIAHOJIOB. Tpuc(tprudennacu- 
JIM1)BaHalaT — KpucTasM4uecKoe 
BeulecTBo. MHTepecHo, uTo yrvie- 
powHbld ananor Tpuc(TpumMerus- 
CHJIMI)BaHayata — Tper.-6yTHI- 
BaHajlaT, NOYYeHHHI Hamu c 10% 
BbIXOJOM peakuHel VO; c (CH3)s3: 
-COH,— npejctaBinet co6ol G6ec- 
IBeTHbI€ KPHCTaJJIbI Cc T. mI. 48° 
u T. Kum. 128—130°/20 mm. Bce 
Tpuc (TpHopraHocHM) BaHaaThl 
He pacTBOpsIoTca B Bose, HOTH]- 
pouM3sytoTca e10 C OOpa30BaHHem 
COOTBETCTBYIOULHX CHJIAHOJIOB HU 
OpTOBaHay\HeBOH KHCJOTHI. CKJIOH- 
HOCTb K rHpomu3y YMeHbIlaerca 
Cc yBeJIHYeHHeM BeJIMYNHbI OpraHu- 
yecKOrO pajuKawla, CBA3AaHHOTO C 
KpeMHHeM. CuleyeT OTMETHTb He0- 
cTaTOUHyIO TepMHMYeCcKyIO = ycTOH- 
YMBOCTb  Tpuc(TpHOpraHnocu HM) 
BaHalaTOB, KOTOPad, OHaKO, BBI- 
ule, Yem Y HX OPraHHyecKHX aHa- 
noros. Tak, Hampumep, Tpuc(AH- 
STHICeHMICHIMI)BaHalaT pH me- 
peroHKe B Bakyyme 2 MM B 3HauH- 
TeIbHOH cTemeHH pacmayaeTca Cc 
oOpa30BaHHeM HH3UIHX OKHCJIOB 
BaHajua. AHaslOrMuHO, XOTA HB 


-MeHbIleH cTemeHH, BelyT ceOa u 
-pyrue Tpuc(TpHopraHocHiM1)Ba- 


HajlaTbl. 


CBolicTBa §CHHTeC3HPOBaHHbIxX 


- Tpuc(TpHopranocuHs1)BaHalaToB 


| 


: 


ipescTaBleHb! B Tad. |. 


OxcecnepHyMeHTAaAIbHAA 
yacTb 


Ucxoqupe peareurTuH. 


'V.O;—npoxaxupiit mpenapar (4. 


q. a.). VOCls nomyyena peakiuett 


| MATHOKHCH BaHaMA C XJIOPHCTbIM 
| THOHMIOM (7), T. Kum. 126°/758 mM. 


TpustTuiBaHayaT CHHTe3HpoOBaH 
peakuuel a6c. STHIOBOTO CmupTa C 


Ta6Oauua 1 


Tpuc(TpHoprakocHJIHs1)BaHa ate 
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* OnpeseseHbI HMMepCHOHHEIM MeTOJOM. 
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VOCI, B npucyrcTBuM ammuaKa u ume T. Kum. 91°/11 mm; d?0 1,167; n7 1,5103. 


Tpu-#-OyTHiBaHalaT MowyyeH c 23% BbIXOLOM KHNAYeHHeEM C OOPAaTHBIM XOJO 
JUWIbHUKOM, CHa@:KeHHbIM BOJOOTOOpHON soByuIKOH, BoHHOTO U3ObITKa A- 
6yTuoBoro criupTa Cc OeHsOIOM HM MATHOKMCbIO BaHayuA M ume T. kun. 164— 
156°/10 mM; 20 1,0376, n2° 4915. TpwopraHocuiaHouIbl MOyYeHbI 1O MeTOANKe, 


omvwcaHHol pauee (*). 

AuHasaus3. OnpeleneHve KpeMHHA IpOW3BOAMIOCb MOKPBIM CO?K2KCHHEM 
HaBeCKH BelI[eCTBa CMECbIO OIeyMa HM a30THOM KHCIOTHI. Ocallok KpeMHeBOu 
KHCJIOTHI OT*PUbTPOBHIBAIICA HW MpoKatuBasca np 900°. Banannit onpexemascs 
M60 yiapuBaHnem busbrpara c mocwekyiouyuM mpokaiHBanuem upu 900°," 
JIH6O THAPOMH3OM OTAeIbHOH HaBeCKH NOAKMCICHHOM BOHO-CIMpTOBOH CMeCbIO 
C MOCIeLYIOMNM BbINapHBaHHeM pacTBOpa HM MpoOKaiMBaHvem ocayKa V.O; 
npu 900°. Tlocequuit MeTOR NpuMeHssica Mp anaiMse HM3INMx Tpuc(Tpuas- 
KUJICH JIN J1)BaHaaTos. 

Bce paspa6oTaHHble HaMM MeTOJbI CHHTe3a TPHC(TpHOpranocHH)BaHala- 
TOB m0 cxemam (1)—(4) usuocTpHpyloTca HWKe Ha TpHmepe NoJyyeHHA TPHC 
(TpuaTHICHINA)BaHajata. DusnueckHe CBOHCTBa UW JaHHble aHasiH3a 3TOTO CO- 
eJIMHeCHHA, OUMULEHHOFO BTOPHYHOM NeperOHKOH B BaKYYMe, B KaK OM OTe bHOM 
ciyuae mpHBeyeHb B Tab. 1. Bce ocTaibHble Tpuc(TPHOpraHocHM)BanalaTHl 
NOJYYeHbI AHaIOFHYHBIM OOpa3s0M, 3a UCKIIOUeHHeM TPHC(TPHdeHHICHI MT) 
BaHalaTa, CHHT€3HPOBaHHOrO m0 cxeme (3) 6 B cpeye O-KCHIONIa, H3 KOTOpOrO 
OH H Obl MepeKPHcTaJJIH30BaH. 

Cuute3 mo cxeme(l). Cmecb 3,64r (0,02 r-mona) V2O5, 15,9 r (0,12 
T-MOJIA)TpHSTHICHIaHONa (T. Kun. 75/24 mM, 1% 1,4340, d2° 0,8645) u 80 ma 


6eH301a HarpeBasacb JO KHMe€HHA C OOPaTHbIM XOJIOAHJIbHHKOM, COC HHEHHBIM 
C BOJOOTOOPHOK JIOBYIUIKOH, B TeyeHHe 2 uac. 3a STO BPeMA BbIJeMIIOCb OKOJIO 
1 ma Bofpt. PeakHoHHas CMeCb OT*PUIbTPOBAaHa UH PUIbTpaT WOcIe OTTOHKH OeH- 
3014 TOBeprHyT (ppakWHOHHpOBaHHOH NMeperoukKe B Bakyyme. Ilomryyueno 15,0 r 
(81%) Tpuc(TpHaTHICHIMT)BaHaqata c T. Kun. 188—192°/6 um. 

Cuute3 10 cxeme (2). a. B Tpexropayto Kom6y emxkocTbio 500 ma, 
CHaO2KeHHYIO M€XaHHYecKOH MelliasIKOH CO PTYTHbIM 3aTBOPOM, KalleJIbHOH BO- 
POHKOH, OOpaTHbIM XOJIOQWJIbHHKOM HM Ta30BBOJHOH TpyOKOH, mMomellaOcb 
250 ma OeH30a H 16,0 r (0,12 r-mona) TpusTHIcHIaHona. K sTomMy pacTBopy 
IpH mepemMelMBaHHH HW OXaKIeHHH MpuKanbiBaca pactBop 7,0 r (0,04 
r-moua) VOCI; B 50 ma GeH301a. OMHOBPeMeHHO Yepes PeaKILHOHHYIO CMeCb Mpo- 
lycKaJicd AaMMHak, OCYWIeHHbI Ha TBepbim KOH. IIpuKkanpiBanne npou3Bo- 
uIOCb B TeyeHHe | uaca TakKHM OOpa30M, 4TOOLI TemNepaTypa peakI\MOHHOH 
cmecH He MpeBbilaa 8°. Tlocae mpH6aBsnenua Bcero VOCI, ammuvak mponmycKas- 
ca emje B TeyeHHe 15 muH. Peaklun 3aBepliianacb HarpeBaHHeM Ha BOJAHOM © 
Oane B TeyeHHe 1 yaca mpH 80°. PeakMoHHasa CMecb (PULTPOBaach, H UNbTpar, | 
MOCI€ OTTOHKH OeH30ua, PpaKIWMOHMpOBasIcA B Bakyyme. Bprxoy Tpuc(Tpu- 
STHICHIHI)BaHafata c T. Kun. 192—194°/7 mm 10,0 r, nau 54,5%. 

6. K oxmaxkyeHHoH to —2° 16,0 r (0,12 r-moma) TpuaTHICHaHona, 80 ma 
Gens0a H 8,7 r (0,11 r-moma) nupHyuHa MedeHHO AOOaBIAICA pacTBop 7,0 r 
(0,04 r-mons) VOCI; B 30 ma OeH301a, Tak, YTOOBI TemmepaTypa cmecu He Tpe- | 
Bbillaia +3°. Tlocne qo6aBnenua Bcero pacrBopa VOCI, peakuHoHHad CMeCcb 
Harpepayiach 2 yaca go 70—80°. Ilo oxmaxpenwu peakiMoHHaa cMecb— 
uIbTpoBaach, HU (uIbTpaT Mocse OTTOHKH GeH301a MeperonsAVICA B BaKyyMe. | 
Tlonyueno 14,0 r (76%) rpuc(tpustuncunnt)Banafata c T. Kun. 198—201°/13 vm. | 

Cuntes no cxeme (3). B Kon6y c enounbim AepermMaTopom mome- 
ijanocb 6,1 r (0,032 r-moma) TpusTHnBaHagata, 13,2 r (0,1 r-monsa) TPHSTHI- | 
cuiaHona u 0,005 r meranmuueckoro HaTpua. Cmecb MeqWieHHO neperoHsAmact, | 
moka mpu 78—84° ne orornanocb 4,0 r stunoBoro cnupta. IIpu @pakinonupo- | 
BaHHOH BakyyMHOU meperonKe octaTKa nomyueHo 13,0 r (94%) Tpuc(TpusTHa-} 
CHIM)BaHawata c T. Kun. 182—185°/5 mm. | 

Cuute3 no cxeme (4). K pacrsopy 16,0 r (0,12 r-mona) TpuaTua-: 
cuaHoa B 400 ma GeH301a oOaBnanocb 2,76 r (0,12 T-aT.) MeTaJIMUeCKOrO| 
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HaTpHa. Cmecb KHMATHIaCb B TeyeHHe 8 Yac. NO pacTBOpeHHA Bcero HaTpUA. 
K nouy4eHHOMy TPHSTHICHIAHOJIATY HATPUsA MPH OXWaXKJeHHU JeLAHOH BOLOli 
M nepemeliMBanun JoOapneno 6,9 r (0,04 r-moma) VOCI, B 15 ma Oensona. 
SaTeM peaKIMOHHad CMeCb HarpeBaslacb B TeueHve 2 vac. wo 70—80°. Tlocae 
OTeICHHA XJIOPHCTOrO HaTpHA HW OTTOHKH OeH30sa OCTATOK MOLBeprHyT dpak- 
IMOHUpOBaHHOM MeperouKe B Bakyyme. IlomyyeHo 16,0 r (87%) Tpuc(TrpusTHt- 
CHIHI)BaHawata c T. Kun. 184—194°/7 wm. 


MuctuTyT XMMHH CHAMKaTOB TlocTtynuzo 
AkajemMuuw Hayk CCCP 28 IV 1958 


IMTHPOBAHHASA JIMTEPATYPA 


PAC etl ecm © a Hom, ) ci xunie 14,061 (1945). Ee Gs Reoie how, Dusk Hand, 
R. N. Lewis, TheChemistry of Organometallic Compounds, N. Y., 1957, p.236. 2M. TY. 
Bopoukos, lO. HW. Cxopunk, VW3e. AH CCCP, OXH, 1958, 503. *M.T. Bopor- 
Oi, I, Ie Sino unin, WMO, Wry eS ean “iss Mercia, lak ) Oy. 
a0 8B, JJAH, 117, 617 (1957); ast. csuz. 110972 (1957). © V. A. Zeitler, CA. Brown, 
J. Am. Chem. Soc., 79, 4616, 4618 (1957): J. Phys. Chem., 61, 1174(1957). ® D.C. Brad- 
Wen Ah enolase Chemerlndsu® Ieel7a(l958)a8.« H. Hecht  G: Yamucen: 
H.Schlapman, Zs. anorg. Chem., 254, 255 (1944). 
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XHMHA 


r. B. PABHY u B. H. EFOPOB 
HCCJIEHOBAHHE NOJIMMOP®H3MA = N-3THUI-3,4-TMHATPOMMPPOJIA 
(IIpedcmaeaeno axademuxom H. H. Yepracem 4 V 1958) 


Hamu Obit H3y¥eH KOMMIekC MeTOJOB (bas0Boro aHaJu3a MOJMMOp@u3sMa 
yuctoro oOpa3sna N-atuu-3,4-,MHUTpomMppovia » 


ON 


tes 
|__ —N—CH,=CHs. 
= 


O2N 


UcceqoBaHuad npemapata mpoBosxuuch mocpeAcTBOM AuddpepeHHaJIbHO-TepMhH- 
yecKOrO aHaiH3a WH CHCTeMaTHYeCKUX MMATOMeTPHYeCKHX HaO/OAeHHH, Osa- 
rojapA KOTOPbIM ObIJIH H3Y4eHbI TeENJIOBLIeC H OOBEMHbIe S*pPpeKTh! NpeBpauleHHu 


on 6 


6f° 
5G° 
649)'\_ 569 


10 Do x Wels ak 10 20 MU, 


Puc. 1. Tepmorpammpt N-stun-3,4-2HHHTPONNppoa. @ — mpu OblcTpoM Harpese Hu OHI- 
CTPOM OXMax%KReHHH, 6 — pH ,MeqeHHOM oxaaxkgennH. I— III] -- mogubuxauuu 


B TeMIepaTypHOM fHana3oHe or — 100° yo TouxH naaBnenun (105—108°).: 
PesyJIbTaTbl HCCeOBAHHH XapakTepH3yioT HasMuMe Tpex OOpaTHMO mpeBpa- 
ULaloOuluxcA MOMpuKauMH N-stTu-3,4-qHHuTponuppoa. Han6onmee nu3KoTem- 
mepatypHax dopma III npa tremmeparype 54—56° o6patumo mpesBpamraerca 
(cm. puc. la) B dopmy II, koropas, B cBoIO Ovepeyb, pH 74—76° o6paTumo 
mpespamjaetca B (ha3y I. 


Kak moKa3blBaeT BU AudpbepeHiHabHO-TepMHYeCKHX KPHBbIX OXaxK]e- | 
HHA, 3amMCaHHbIx Ha mupometpe H. C. KypuHakosBa npu Opicrpom oxmaxyeHun | 


(puc. la) CaHTHrTpaMMOBbIX HaBeCOK (MHKPOMeTOANKAa, CKOPOCTb oOxslaxKNeHuA 
3—3,5 rpan/MuH.), mpeBpamjenue I—>II ne buxcupyerca, a npespamenue II-III 


BBIABJIAeTCA C OobUIOH YeTKOCTbIO. IIpH sTOM OOpamaeT Ha ceOa BHUMAHHE | 


TO OOCTOATEMbCTBO, YTO CYMMAaPHbIH SpPpPekT NOrMOMeHHA Tena mpH mpeBpa- 
uenuaAx IITJ—II u III na kpapo narpeBanus (puc. la) c xopommm npu6nu- 
2KCHH€M COOTBETCTBYeT aOCOJIOTHOMY 3Ha4CHMI0 MPOTHBONONORKHOrO MO 3HaKY 
(ak30TepMuyecKoro) aiiekTa B 30HE TeMMepaTypbl MpeBpauleHuA MO,upuKa- 
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unit II-III, aro o6ycnopexo, no-BuyuMomy, 3aqepxKoli npespamenna I] 
BIJIOTh AO Temnepatypbl 55°. Hao nowaratb, uro mpu aToii Temlepatype mpo- 
MCXOQUT asoBLIi nepexogx I->III. Sto NOATBepxaerca eye H TeM, 4TO HeNO- 
CpCACTBEHHO NO OKOHYAHMH OHOTO WMKJla HarpeBaHHe — OxJlaxkeHne mpu 
MOCJI€AYIOUleM HarpeBaHHH HEH3MCHHO BbIABJIAIHCb Te %Ke Ba SdpeKTa. 

B orgeubHBIX ClyuatX MPH MeHbIIMX CKOpOCTAX OXxWaxKTeHHA yWaBaJlocb 
MOJIy4aTb KPHBbIC HeCKOJbKO HHOFO Bua, rye TenmoBol sbbeKT mepexoya 
MoqupuKalHH III orzenasica oT Ten0B0- 
ro addexta nepexona II — III, ogunaxo 
9KCTpeMyM IIpeBpamrenua III neu3smennHo ff ___ 
cMela/ICA HW2Ke MO OCH TemmepaTyp nu eR Ea 
cbukcupoBayica He mpu 74°, a npx 60—65° Z = 
(cm. puc. 16). 

TakuM oOpa30m, udbdepentnatbHo- 
TEPMHYeCKHH aHaJIH3, MOSBOJIAIOULUH OOb- 
€KTHBHO (PHKCHPOBaTb Pe3YJIbTAaTbI BeCb- 
Ma ObicTporo (HepaBHOBeCHOrO) OxaxKe- 
HHA MaJIbIX OOpa3lloB, PerucTpupoBa cy- 
IL€CTBEHHbIM CIBHr B TemmepaType (pa3o- 
Boro mpespameHnua I—I] (no cpaBHeuuto 
c Temnepatypou IJ-+I) B 3aBucumoctTnu oT 
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3HC B npeBpamenun cas I <= II ocoGenHo 
OTYCTJIHBO BbIABJIAJICA Ha HaTOMeTpH- 
YeCKHX KPHBbIX, KOTOPbIe€ MbI, NOyuau 
KaK BH3YyaJIbHO, TaK HM MOCPeCTBOM aB- 
TOMATHYCCKOH 3alHCH, WCHOb3yH KOM- 
MJICKCHYIO JHIaTOMeTpuuecKy10 yCTaHOB- 
KY, COCTOAMLYIO H3 9JIeEKTPOHHOrO  ju- 
JlaTtometpa KouctpyKunH A. B. ‘Tlanopa 
M BePpTHKaJIbHOrO OMTHMeTpa  CHCTeMbI 
MKB. IIpu 9Tom mpuMenaiucb o6pa3upt Puc. 2. C6opounpiit al SFO ee 
MHAHRpHTHeCKOR OPM AHaNeTpOM 4 MEREAEA ee i 
BbICOTOH 4,55 MM. omTuMetpa. OObaAcHeHHe B TeKCTe 
He octTaHaBIMBadch Ha xXapakTe- 
PHCTHKe KOHCTPYKUMH 9eKTPOHHOrO JH- 
Jlatometpa (1) H QuumaToMetTpa Ha Oase onTumerpa (*), KOTOpbIe yxKe MPHBOLH- 
JIMCb B MeuaTH, OrpaHHYMMCA KPaTKHM ONMCaHHeM paspaOoTaHHOrO HaMH y3via 
COBMELLeCHHA MpHOOPOB, NO3BOJIAIONLErO MPOH3BOAMTb BU3YaJIbHyIO perucTpa- 
IW10 aOCOJNOTHbIX YJIMHCHHM WH OTHOCHTb MoCcsIeqHHe K ABTOMATHYECCKH 3a- 
MHCbIBaeMOMY XOJLyY TeMMepaTypHbIX MH JHMaTOMeTPHYCCKHX KPHBbIX, PePrHcrT- 
PHPYeMbIX OT eMKOCTHOTO JaTuNKa AunaTomerpa A. B. IlaHopa Ha camonu- 
wryujem moTeHuHometpe SIIII-09. Kak BuyHo uz puc. 2, TemmoBoe pacuMpeHue 
oOpa3ia / nepeflaeTcA Ha BHYTPeHHIOIO KBaplleBylo TPYOKY 2, KOTOPa, B CBOIO 
ovepelb, mepememaerT B BePTHKAaJIbHOM HanpaBJICHHH™ H3MePHTeJIbHbIM LWITOK 
omTumMetpa 3 HM OMHOBpeMeHHO MeHAeT pacnosoxKeHHe BePXHeH NMOABHKHOL 
wiaCTHHb! 4 EMKOCTHOrO JaTYMKa OTHOCHTeCJIbHO HEMOIBHKHOH HMKHEHM MlacTu- 
HbI 5. 

OnekTpouupit unatomerp A. B. Ilanosa, oOmaaouMi BbICOKOH uyBCT- 
BUTeJIbHOCTbIO MOpsAaKa 1075 MM M MOSBOJIAIOIHH NPOW3SBOAMTb HaTOMeTpH- 
YeCKHe H3MepeHHA pH OYeHb OBICTPLIX HarpeBax OOpaslla, WaeT TOMbKO Ka- 
YeCCTBEHHYIO KapTHHy MusaToMeTpuyecKux 9ppekTOB pH a3soBbIx IMpeBpa- 
ICHHAX HM HeymoGeH WA HeMOCpeACTBCHHOM KOJIMYCCTBEHHOM iXapaKTePUCTHKH 
atux apdextos. Ilostomy oObequHeHHe yKa3aHHOrO JuNaTOMeTpa C ONTHMET- 
POM B eCMHOM yCTaHOBKe JaIO BO3MOXKHOCTb YCTPaHHTb YKa3aHHbI HeEOCTaTOK 
U MOJYYHTb BMOMHE ONPeeJIeCHHbIe AaHHble, MOSBOJAIOWIHE JerKO PaCCUHTHIBATb 
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Kak B@IMYHHY JIMHeHHBIX yCaylOK mpH (asoBbIX MpeBpallleCHHAX, TaK H Koadppu- 
ILMCHT JIMHeMHOrO paCWIMpeHHA OTJebHbIX (a3. 

Ha puc. 3 u300paxKeHbI TemmepaTypHad M AMJaTOMeTPpH4eCKad KPHBBIE, 
3anucaHHble HaMarpammuon Oymare SIIII-09. Harpes mpousBosusica OT KOM- 
HaTHO TemmepaTypbl MO TeMMepaTypb!, OMM3KOH K TOUKE MMaBJIeHHA, MOC 
yero oOpasell OxJaxkfanca. HM mpu Harpepe, HM Mp OxNaxKeHHH OTYCTJMBO 
BbIABJIAIOTCA OOuacTu CyuecTBoBaHuA (pas I, II, II] u @asoBpre mepexofpl IIH, 
Ill, a traxxe III u II-III mpm remmepatypax, copnaylatoujux Cc JaH- 
HbIMH J\udpdpepeHUHaJIbHO-TepMHYeCKOrO 
aHamu3a (cm. puc. 1). AOcomorHoe 
yIJIMHeHHe BO BPeMA OMBITOB OTMeua- 
JIOCb HEMOCPeCTBEHHO Ha JMJIaTOMeTpH- 
yeCKOH KPHBOM, 3aNHCbIBaeMOH aBTO- 
MATHUeCCKH OT EMKOCTHOrO JlaTUHKa. ITO 

NO3BOANO MOYYaTb BEMUYMHbI JIMHeH- 

HbIX ycafoK mpH dasoBbix mepexojlax 

HeMOCPeCTBEHHO BO BpeMA H3MepeHHi, 

Tak Kak He TpeOOBalacb JOMOJIHH- 
| TelibHad oOpa6oTKa (aHHbIXx. 

Kak BHHO M3 uMaTOMeTpHuec- 

KHX KPHBbIX, OOpaTHUMble MpeBpalleHHA 
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Abconnmnoe Yonukenue 
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sorcerer - = 


oer Se Se eS 


AbconromHoe 


YONUHEHUE, [Ll —> 0 
9 50 100 | 
Temnepamypa, °C SO 0 aT 
Puc. 3. J[unatometpuueckaad xkpusas, Puc. 4. J[unaTomerpnueckne KpuBbie ructre- 
3allMcaHHaH Ha ABTOMATHYCCKOM 2IeK- pesca ipespamexnuaz I—II, nonyyuennpie Ha 
TPOHHOM QWIaTOMeTpe, COBMEIIGHHOM C OnTHMeTpe 


omtumerpom. I — Il]—moyuduxanuu 


thas III-+II u UI conposoxyatorca 3HaunTebHbIM YBeMUeHHeM JIMHeMHBIX 
Pa3MepoB, OCOOeHHO 3aMeTHBIM Jin mpeBpamenua III], rye ono ocruraer 
mopaqka 0,6% or pa3MepoB o6pasiza. 

Buy KPHBbIX, MOJIYYCHHBIX MOCpeCTBOM OMHOFO BepTHKAaJIbHOrO onTuMetTpa 
(cM. puc. 4), IpHHUHNMaIbHO TOK ecTBeHeEH C BHJOM KPHBbIX, 3alMCaHHBIX Ha 
SIEKTPOHHOM JMaTOMeTpe. OTO NOSBOMHO B abHelMeM OPaHHUUMTbCA BU- 
3YAJIbHBIM HaOJHOMeCHHeM AMMaTOMeTpHueCKUX ateKTOB mpeBpaljeHnit, npuyem | 
7aJIO BOSMO7KHOCTh CHAT MJIATOMETPHYeCKYIO KPUBYIO C OOpa3ita, TepmMocTaTu- | 
pOBaHHOrO MPH pasJIM4HbIX TemMnepatTypax. 

Bombuok unTepec mpeycrapsiner comocraBsieHHe KPHBBIX uaTometpuue- | 
CkOrO pacuiMpeHuA (HarpeBaHHe) HM AMaTOMeTpwyecKoro cxKAaTHA (OxMaxKJe- | 
HHe), KOTOPbIe MepHOAMYECKH BaNHCbIBaIMCb JIA OMHOTO UH TOrO 2%Ke o6pa3iza. 
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OrmeTuM, 4TO KpuBaH AuMaTOMeTpuyeCKOrO pacMMpeHHA OObINHO C xXOpomHM 
NpHOMMKEHHEM BOCMPOM3BOLHa MpeABapHTebHO TOJLYYeHHYIO KPMBYIO OX- 
Jiaxkenusn. Bmecre c TeM, BO BCeX CyYaAX MPeBOCXOHO BHIABJAACb OONAaCTb 
rucrepesuca mpeBpamenun cas IZ7 II, Koroppiit yaBasoch Cy3HTb, ycTaHaB- 
JIMBaxH JOCTATOUHO AIHTeIbHOe TepMOcTaTHpoBaHHe OOpa3ila B TemMMepaTypHO!i 
30He lIpeBpaljeHus. 

Bo3sMoxHO, 4TO rucrepesuc B npeBpameHuu IZ7I] o6ycnoBnen 3HauHTeNb- 
HbIM Pa3JIMYHeM OTHOCHTEIbHbIX H3MCHCHHH yeJIbHbIX OObeMOB (pa3 (MO CpaB- 
HeHHIO C mpeBpamenuem IIZ7III). Cpequaa BemuuuHa OTHOCHTeJIbHOrO H3Me- 
HeHHA OObeMa pH nepexoge III cocrapaaer 1,8%, a npH mpespamennu 
III tonmpxo 0,4%. B caa3u c 9THM HHTePeCHO OTMETHTb, YTO, KaK YKAa3bI- 
Baer H. H. Cupora (*), HMeHHO pa3JIM4¥He B OTHOCHTEIbHBIX H3MCHEHHAX YeJIb- 
HbIX OObEMOB ()a3 OKAa3bIBAeT 3HAUHTebHOe BJIMAHHe Ha BeEMUMHY rucTepesuca 
MpeBpalleHHA, MOCKOJIbKY OHO BXOJUT B KBalpaTe B ypaBHeHHe, Onpeyemarommee 
BIIMAHMe pANa (usuyecKHX HM TePMOAMHAMMYCCKHX XapaKTePHCTHK BeULecTBa 
Ha BeIMYHHY Tucrepesuca. 

He BbI3sbIBaeT COMHEHHA TO, YTO MOMOGHbI TuCTepesuc B MpeBpalleHuAX, 
OOYyCJIOBJICHHbIM HepaBHOBeCHOCTbIO (pa30BbIX mepexonoB N-stuu-3,4-qMHUTpO- 
NMppowla, mpelcraBser coOoH, Kak yxKe OTMe¥aIOCcb HaMH paHee (*), BecbMa 
THMMYHOe ABJICHHE Takx%Ke HW WA IpyrHxX OpraHHyeCKHX BeLLeCTB. 

B s3akroueHHe MOb38yemMcaA CyyaeM BbIPasHTb OwlaroflapHocTb mpod. 
C. C. Hopuxosy 3a mpefocrapsenue o6pa3sna N-srui-3,4-tMHuTpOoMUpposa. 


VuctutyT o6ue HM HeopraHuuecKoH xuMunN um. H. C. KypHakosa Iloctynuno 
Akalemuu Hayk CCCP 25 IV 1958 


UWMTHPOBAHHAS JIATEPATYPA 


i He Keno wae A Be ila wos, Sapniaos, Nel, 4on(iSome aye Ate lpranimea- 
pouckua, K. B. Honos, Sas. ma6., N 8, 986 (1953). * H. H. Cupota, JAH, 
59, Ne 7, 1309 (1948). *Y. 5B. Pasuu, Yen. xum., 21, s. 9, 1117 (1952). 
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PH3BHYECKAH XHMHA 


WH UW9H-KAH, A. H. PABEJIHHKOB u akagemnx C. C. MEABEEB 


O MEXAHHM3ME CLUMBAHWSA MOJIMMEPHbIX WENEM 
no] EMCTBHEM TAMMA-H3JIY YEH SA 


Ilpu BsaumojelicTBMu Y-KBaHTa C MOJeKYyJIOH MpOUCXOAMT BbIOMBaHHe 9dJ1eK- 
TpOHa C OMHOM H3 ee OPOHT UH, CeMOBATebHO, OOPasOBaHNe MONOAKUTEMbHOTO 
voua. IIpu paspae WOHa TeMJOBLIM 3JIeEKTPOHOM OOpasyl0TCA CHJIbHO BOsOyx- 
JICHHbIC MOJICKYJIbI, pacnaflaroujneca C OOpasoBaHHeM CBOOORHbIX paMKaJOB. 
CneqopaTesbHO, OOpas0BaHHe MOMepeyHbIxX CBA3EH O2KHO ObITh CBASAHO C 
IIpOTeKaHHeM BTOPHUHbIX MpoweccoB Cc yuacTHeM paluKaJOB. 

VcceneqopaHnHe KHMHeETHKH mMpolecca CWIMBaHHA MOKa3aJI0, UYTO CKOPOCTb 
mpomecca MOCTOAHHAa BO BpeMeHH MU MPOMOPWUMOHaJIbHa WHTCHCHBHOCTH H3J1y- 
yeHHA B TepBo creneHu. HanOonee mpocTbim mpeAmosoxKeHHeM O MCXaHH3Me 
CUIMBaHHA ABJIAeTCA MpeqNoNO*wKeHHe O TOM, UTO OOpas0BaHHe MOMepeyHbIx 
cBaA3eH pH pavoMse MPOHCXOANT B pesyJbTaTe PEKOMOMHALHH MOJIMMEPHbIX 
paluKaJOB, OOpa3syloujuxca Npu paspHIBe cBA3seH C—H, a TakxKe B pesyJibTaTe 
MIPHCOCAMHEHHA MOJIMMepHbIX palMKasIOB K JBOHHbIM CBA3AM MOJIMMePHbIX 
MOJIeKYyJI. CKOpPOCTb CUUIMBaHHA B 93TOM CJIyuae OyfeT, OUeEBHAHO, paBHa 


v=k,n’?+ k.nA 


(n u A —KOHUeCHTpPalHH pasuKaIOB MU JBOMHBIX CBA3eH, COOTBETCTBEHHO). 
OTa CXe€Ma IIPHBOANT K JKCMeEPHMeCHTAIbHO HaOJOLaeMbIM COOTHOLICHHAM TOJIb- 
KO mpH n =const u A = const. 

HakonuieHua B xofe OO YUeCHHA B NOHMepe JBOHHbIX CBA3€H YKA43bIBAaIOT, 
YTO CTAIMOHAPHOe COCTOAHHE OTHOCHTEJIbHO KOHUeCHTpallW JIBOHHbIX CBA3eH 
CBOOOJHBIX pajMKaJIOB He WocTuraetca. IlocrosHCTBO CKOPOCTH CLUMBaHHA BO 
BPCMeHH, CJICMOBAaTeJIbHO, YKa3bIBae€T Ha HE3HAUNTEJIbHYIO POJIb PeaKILHH PeKOM- 
OMHALMH payuKaJIOB M IIpHCoeAMHEHHA paMKaJIOB K JBOMHbIM CBA3AM, 4TO, MO- 
BHJMMOMY, CBA3aHO C KpaHHe HH3KUMHM CKOpOcTAMH Audpdy3HH NOJMMePHbIX 
MOJeKYyJI B TBEpJOM MoJHMepe. 

J{a MOHMMAaHHA MexXaHv3Ma TIPOWeccoB, MPMBOAAWIMX K OOpas0BaHHtO M0- 
MepeuHbIX CBA3CH, HeOOXOAHMO pacCMOTpPeTb MpoTeKaioulve B OOyYaeMOM 
NOJHMepe pawHKaJIbHble peakKIUWH, B YaCTHOCTH peakIHH C yuacTHeM aTOMap- 
HOrO BOOpora. 

AToMapHBIt BOJOpo, o6pas0BaBlHlicn B pesysbTaTe paspblBa cBA3H C—H 
MOJMMePpHOH MOJIEKYJIbI NOX WeHCTBHEM H31yueHHA, OOalaeT B MepBbIli MOMCHT 
NOBbILICHHOH SHEprveH. OTOT ATOM MOXKET HIM PaCTepATb CBOIO M3ObITOUHYIO 
SHeEprHulo, WIM WpopearMpoBaTb NO OAHOH H3 HWKEe MPHBeMeHHbIX peaKILHit: 

1. BsaumogeticrBue c ApyruM aTOMOM Boopona 

H+H-H, (1) 

2. Bsanmojelicrnue c OOpa30BaBIuNMUucaA B xOfe OOyYeHHA CBOOOAHBIMU 

payquKkaiamMu 


oCH2— CH, — CHem 
to CH CH SCH: ral (2) 
oCH,— CH = CH—+H 
3. B3aumofelicTBHe C JBOMHbIMH CBA3AMH 
ne @blgenn, CH a Ghia teateeniC lis (Ct a0 reer (3) | 
4. OrppiB aToMa BOJOposa OT NOMMMEPHOH MoOseKYyJIbI | 


m™CHe i CH, — CHge~-- H >omCHe = CH = CHyo~m =L lialeye (4) | 
254 


Cxopocru peakuuit c yuacruem «ropsueroy atoma Boopofa OykyT onmpeje- 
JIATBCA HE CTOJIbKO BeJIMYMHAMM SHEPIHH AKTHBAaLHH 3THX peaKIHit, CKOJIbKO 
BEPOATHOCTHIO CTOJIKHOBCHHA aTOMa BOJOpOsa C TOH WIM HHO PpynmMpoBKoili. 
B kapOolenubix nowMMepax KOHWeHTpauna rpynmn CH, Ha HecKobKO NOpAKOB 
BbILIC KOHUeEHTpallMi aToMoB H, CBOOOAHBIX PaMKaJIOB WIM JBOHMHbIX CBA3eif 
M, CCMOBaTebHO, <rOpAuH» aTOM BOLOposa OyeT pearupoBaTb mpenmyuiecr- 
BeHHO 10 peakulmu (4) C OOpas0BaHHeM MOmMMepHOrO payuKama B HeNOcper- 
CTBCHHOH OM3OCTH OT MecTa pa3spbiBa cBa3H C—H. PexomOunauna TaKux 6113- 
KO PaCNOJO*KeHHbIX MEPBHYHOTO paluKaJla WH pauKasla, OOpaso0BaBeroca m0 
peakuuu (4), MpHBO_MT kK OOpaz0BaHMIo NoMepeunblx cBsa3eli. CkopocrTb cumMBa- 
HHA MO STOMY Me€XaHV3MY, OYCBHAHO, HE 3aBHCHT OT TemMepaTypbl OOpasila. 

Peakuuu ¢ yuacTHeM aTOMapHOroO BOMOpONa, «pacTepsBIUerO» CBOIO H3O6bITOU- 
HylO 9HeprHio, OyAyT NMOXYHHATHCA OOBIUHbIM 3aKOHOMepHOCcTaM. CkopocTu 
muddysuu 1a3s0B B NOMMepax CpaBHHTeIbHO HEBEJIMKU, HM OSTOMY MpHHH- 
Mast BO BHHMAaHHe, YTO KOHILCHTPallHH pafMKaJioB U CBA3eH C=C B HMX pH 
OOJIYYCHHU OYeHb HH3KH, MOSTOMY B MOMMepax THNa NOMMSTHIeHAa ATOMbI «xO- 
JIOMHOrO» BOopowa OyAyT pearnpoBaTb TaBHbIM OOpa30m mo peakunn (4). 

PalukaJibl, OOpas0BaBuiMeca mo peakuuu (4), mporeKkatonseli c yuacruem 
«XOJIOMHbIX» ATOMOB BOOPOa, CMOryT NPOpeKOMOHHUPOBAThCA C NePBHUHbIMH 
paqukaslaMH TOJIbKO Ha CpaBHUTeIbHO HeOOJIbINIOM PaCCTOAHHM OT MecTa O6- 
pasoBpaHHa aTomMa H. CxopocTb cuiumBaHuA B 9TOM Cyly¥ae OyfeT, OYeBHAHO, 
3a4BHCeETb OT TemMIIepaTypbl OOpa3ila, TaK KaK MOBbILIeHHe TemMmepaTypbI OyerT 
NPHBOAUTH, C OHO CTOPOHHI, K YBEJIMYCHHIO BEPOATHOCTH MpOTeKaHHA peakILHH 
(4) Ha HeOObIUMX PaCCTOAHHAX OT MeCTa paspbIBa CBA3H C—H, ac Apyro# — 
BCJIEACTBHE YBeJIMYeHHA MOABYXKHOCTH MOJIMMePHbIX WeneH —k BOBJICUCHHIO 
B peaKIHIO PeKOMOHHAUMH paNKaJOB, OOpa3s0BaBLIMXCA Ha CpaBHUTeJIbHO 
OObUIMX PaCCTOAHHAX OT MeCTa PaCNOJIOXRKeHUA NepBHYHOFO pauKawa. 

OrTpbIB aTOMa BOOpofa OT NOMMMepHOH Wenu (peakuna (4)) conpsxeH 
C TepexOOM COOTBETCTBYIOWerO yuacTKa WeNH OT TeTpasApHyeckOH KOHdUry- 
palluu K nuocKonH. B cayuae nomuMMepoB STOT NepexO CBA3aH C MepemMeleHHeM 
yuacTKOB MOJIMMeEpHbIX Lene, YTO TOJKHO MpHBeCTH K MOBbILUICHHIO 9HEPrHn 
AKTMBalMH peakIuu (MO CpaBHeHHIO C SHeEPrHAMH AKTHBANMH aHaJIOrHUHblx 
peakuwMi B Cjyyae HH3KOMOJIeKYJAPHbIX CoeMHeHHH). OcoOeHHo cusbHOe 
MOBbILUCHHE SHEPHH aKTHBALHH, a CJICOBaTeIbHO, WH CHH2KeCHHE CKOPOCTH 
CUUMBaHHA, JOKHO HaOsm0aTbcaA NpH Mepexose K 3aCTeCKJIOBAHHOMY MIOJIMMEpy. 

Kak BHHO u3 puc. 1, CKOpOCTH CLIMBaHHA NOJIMSTHIeHa HW NOJIMBUHWJIXJIO- 
pula mpu TemmepaTypax HMxKe TemMepaTypbl CTeKOBaHHA T, (COOTBeTCTBeH- 
Ho,—80 u +80°) npaxTuyecku He 3aBHCAT OT TemMepaTypbl, T. €. YTO B 3TOM 

-cmyyae «xOJOZHbIe> aTOMbI BOAOPOMa MpakTHYECKK HE yuaCTBYIOT B peakWHAX, 
NpHBOAAWUX K OOpasoBaHHio MOMepeyHbix cBasel. [Ip Temnepatypax Bole 7’. 
CKOPOCTb CLIMBaHHA BO3pacTaeT C TeMMepaTypoH (B peakIUMIO CLUMBaHHA BOBJe- 
| KaIOTCH «XOJIOMHbI€> ATOMbI BOOpOsa). 
B 3acTeKJIOBaHHOM MOJIMMepe «XOJIOJHbIC> ATOMbI BOLOPOa TaK2Ke AOJKHBI 
yudacTBOBaTb B peakunu (4), OMHAKO OOpPasyIOUMeCA MPH STOM PalNKaJbl H3-3a 
cTepHyuecKUX penAaTCTBui He MOFyT MpOpeKOMOHHUPOBaTb C NepBHYHBIM Pa- 
| quKasoM uM ocTaloTCa B MOMMepe B «3aMOPOXKeHHOM» cocTosAHHH. BesencTBue 
| sTOrO MIpH BbIepxKHBAHHU OCOW1YYeHHEIX IPH KOMHATHOM TemnepaType oOpas3- 
| mop nomuctupona (T. = 80°) HH NOMMBHHMIXIOpHya B TeYeHHe HEKOTOPOTO 
Bpemenu mpH 90—100° waOmogaetca ononHMTenbHOe CuMBaHHe (Tabs. 1). 
Tlporpes nomucrupona mpn 6onee BpicoKol temmeparype (140—145°) mpu- 
) BOMMT K CHW>KCHHIO CTEMCHH CWIMBaHHA; MPH4HHbI STOO CHUAKeHUA OyAyT pac- 
| CMOTPeHbI HK. 
__ Orppis aroma BOOposa OT 6oKOBO TpyNMMpOBKH (MeTHJIbHOH, H3OMPONHJb- 
) Hoi u mp.) He CBA3aH C MepeMeNIeHHeEM YUACTKOB MOJIMMePHEIX WeneH B NepexOy- 
)HOM COCTOAHHM HM MOSTOMy HMMeeT MpakTHYeCKH TY 2%e SHeEPrHlo aKTHBAILMN, 
| YTO HM COOTBETCTBYIONIHE PeakILHH B CyY¥ae HUSKOMOJIeCKYAPHbIX COCAHHEHHH, 
| T™pnuem creksoBaHve MosMMepa He MOJMKHO OKA3bIBATb BJIMAHHA Ha CKOPOCTb 
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‘sToli peaxuuu. Ilosromy B momuMepax, CofepxallHxX MOCTATOUHO OobIU0e 
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UMCIO TaKHX TPYMMMPOBOK, «XOJIOAHbIey aTOMbI BOMOposa 6yyT MpHHuMaTb 
yuacTue B peaKItMAX CIIMBaHHA HW HMKe TeMMepaTyPpbl cTeKJIOBaHHA. 
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Puc. 1. Bauanue TemnmepaTypbl Ha cKopocTb Puc. 2. Baunxnwe TemMMepaTypbl Ha CKO- 
CUIMBAHUA MOMMSTHIeHa H MOAMBHHUIXIOpHAa pocTb CINHBaHHA MOMMepa cCTpoeHHA 
pH oO2yueHHu Y-v3u1yyeHHeM. @ — MOMM9TH- —C3H,—CH— 
meu, 35 Mr, 6 — nomupuHuixnopuy, 24 Mr. ( | (a) M Ha CKopocTb o6pa3o- 
Uncio momepewHbix cBa3elH (B yCJIOBHBIX e]H- CH3s /n : ; 
HHWax) pacCuHTbIBaOCh H3 WaHHbIX O HaOy- BaHHA TPaHC-BHHHMCHOBbIX BOMHBIX CBA3CH 
XaHHH oOpa3oB B TOyoue (MOMMSTHIeH) HM Wu- (norsomenue B obsacTu 964 cm 2) (6). CKo- 
xslopstane (nowmBuHMaxsopHt). Vu V_,o..—  pocTH CUIMBaHHA PaCCUHTbIBaIMCb U3 [aH- 
CKOPOCTH CIIMBaHHA COOTBETCTBEHHO pH Tem- HbIXO Ha6yxanun B Toyone. V u V—y92° — 
mepatype ¢ u —192° CKOPOCTH CUIMBaHMA COOTBETCTBEHHO IPH 
Temnepatype ¢ u —192 


C wembio MpoBepKH 9TOrO Mmpeknouo*KeHHA OblIO UCCeOBaHO eHcTBHe 
Y-H3J1YYeHHA Ha NOJIMMepbl CTpoeHHA cage een MOJIYYeHHbIe + pasJlorx*Ke- 
CHs /n 


Iau nena eel 


BausHue mporpepa Ha CTeNeHb CIWHMBAaHHA OOTY YeHHEIX MOWMMepoB. toon = 20° 


ane aN baa | Iy[L** | Nyp!N6np* I]pumeyanne 
IlomuBHHHAXAOpHA 
98 | bes nporpesa | 0,613 | 1,76 | JlonosHUTesbHOe CLIMBaHHe 
98 | Ilporpep 4 4aca mpu 90° ; 0,685 
IlomuctTupoa 

185 Bes mporpepa 0,334 1,56 TlonowHuTebHOe CLIMBaHHe 
185 IIporpes 4 aca mp {5° 0,365 
204 Bes mporpesa 0,353 0,662 CuM>KeHHe CTeneHH CIUMBAaHHS | 
204 IIporpesp 4 uaca npn 140° 0,325 
195 Bee mporpesa 0,340 0, 400 CHYxKeHHe CTeMeHH CIIMBAaHHA 
195 IIporpes 2 yaca npu 145° 0,283 
225***| O6pa3el, pacTBOpHM OOpasyetca reb-ppakoua 


*Uycno nonepeyHbIxX cBaA3eH n (B YCOBHBIX eMHHWaX) paCCUMTbIBAIOCh W3 JaHHbIX 
creneHH HaOyxaHHa V oOpasiia mo ypaBHeHHIo Meany| Soares CUA a MHAeKCbI Ip ¥ Onp — 
COOTBETCTBeHHO, Hporperblii M HemporpeTblH oOOpasubt. Hadyxanve NOMMBHHHAXJOpuza B AMA 
XJlOpSTaHe, MOJHCTHPOsa — B TO/YoUe. 

** [,/1— OTHOWMeHHe JJIMHbI HCXOAHOTO OOpa3la K AHHe HaOyxuero O6JyueHHOrO oOpasita | 


*** TemnepaTypa OOlyueHua 130—135°. | 


| 
HM€M CMeCH J\Ma3OMeTaHa M [\Mas03sTaHa B MpHcyTcTBHH B(OCHs)3. Bpicoxué 
CKOPOCTH CIIMBaHHA STOrO MOJIMMepa B 3AaCTeKJIOBaHHOM cocTosHHM (T = 
-~~—80°), B 2,5 pasa mpeBblmaroujue CKOPOCTh CUIMBaHHA NOMMMeTUMeHAa pt 
3TUX YCIIOBMAX, WM MOCTOAHCTBO CKOPOCTH CUIMBaHHA B MHHTepBae TeM! 


206 


nepatyp —l190—+-35° yxkasprpaioT Ha TO, 4TO B MOJIMMepax Takoro THMa He 
TONbKO «rOpxuHe», HO H «XOJIOZHbIC> aTOMbI BOZOpOLa mpakTuyecKH MOMHO- 
CTbIO M€PeXBaTbIBaIOTCA Ha OUeHb GVIH3- 

KOM paCCTOAHHH OT MeCTa OOpasoBa- TaOnuna 2 
ue N€pBHYHOrO pafhKala. Bananve SoKoBblx rpyMnupoBoK Ha CKOpocTS 
O3paCTaHH€ CKOPOCTH CIIHBaHHA CUIMBaHHA TMO/IMMepoB. fo¢, = 25° 
B 2,7 pa3a HaOvOfaerca MH MIpH BBeLe- ae 
HHH B NOUHCTHPO B Napa-nojoxKeHHe 


M3ONPOMHIbHBIX TpynmHposox (o6pa- “e” Tonumep | 1[t* | Manne! 
OOTKOM NOMHCTHPOMAa H3ONpOMHIXOpH- 
oM B mpucytcTBHH AIC], (Ta6.. 2)). 
O BbICOKHX CKOpocTax peaxunu (4) 200 | Moaucrupoa 0,345 
B culyyae MOJMMepoB, comep»xKalHx 200 | Hsonpomuaupo- 
OOKOBbIe Pp yMMHPOBKH, CBUETEbCTBYeT cater es 0,422} 2,74 


TakKe H TOT @akT, 4TO MporpeB H30- 
NpOMWIHpOBaHHOrTO NoOuCTHpONa, 06- 
JIYYCHHOFO B 3aCTeEKJIOBAaHHOM COCTOS- *CM. mpumeyanne K TaOn. 1. 


AK Uy 
HMM TIpH Temmeparype Bple TJ, He n — 4C10 None pe yHBIX CBA3el (B YCJIOB- 
HbIX CHHHMaX).MHzeKcbl ic HM HMNMC — CcooT- 


MPHBOAHT K NONOJIHHTCIBHOMY CHIMBa-  percrpeHHo, MOHCTApon uM H3OMponMAHpo- 
HutO (TaOw. 3). BaHHbIit NOMHCTHpO.. 
IIpu o6myuenun conomumepos Tuna 


= C3He = CH, a 6 
| mpH 35 — 100° HaOmofaeTcax pe3kOe YMCHbINeHHe CKOpo- 
n 


CH3 
CTH CINMBaHHA,  COMpPOBOxMalolleecA YBeJIMYCHHeEM CKOPOCTH HaKOIVJIeHHA 
TPaHC-BHHHJICHOBBIX J{BOMHbIX CBA3eH (OWe€HEHO MO MOrsOULeHHIO B OOacTH 
964 em7!) (puce. 2). Sror sddext, no- 
BUHMOMY, CBA3aH C IIpOTeKaHHeM pe- 
Buausnne MmporpeBa Ha CTeNeHb CINHBAHHA aKILHu mepeqayu wenv, B pesyJIbTaTe 
oO/1y YeHHOrO H3ONPONHJIH“pOBaHHOrO 8 bHOLO 
nomucTupoma tog, = 25° KOTOPOH payHuKaJbl H30MPONHJIbH 
THMa MpeBpalaioTrcd B paluKaJIbl Tper- 


Ta6Oauua 3 


Tosa, | Nocaenyionyan enh eel As OyTusbHOrO. IlocseqHue MPH B3aHMO/ eH - 
Mr o6padorKka Lgl np! 6np 
CTBHH C padukaJlaMHW H30MPOMWJIbHOrO 
Tua B 3Ha4HTeJIbHOH CTeneHHu AUCIIpo- 
1 

204 | Bes nporpesa 0,410} 46 MOpUMOHHpyroT (*), TO H MNPHBOAMT K 
204 | IIporpes 4 uaca } CHHKeHHIO CKOPOCTH CINHMBaHHAH HU K 
mpx 100° 0,414 YBCJIMUCHHIO CKOPOCTH HaKOMJIeCHHA B 

noviuMepe J{BOHHbIX CBxA3eH. 
* CM. MpHMeuaHHe K Tad. 1. B m«autTepatype (7) umeroTcaA JaH- 


HbIe O TOM, 4TO MpH oOmyueHHH 
W30TAKTHYeECKOFO NMOMMMpONHeHa MpOHCXOAHT He CWIHBaHHe, a WecTpyKunA 
MOJIMMepHbIX MOsIeKYs. OfHaKO 9TOT BbIBO, MO BCeH BePpOsTHOCTH, OLHOO- 
yeu. CHH2KeHHEe MOJICKYJIAPHOTO BeCa CBA3aHO, M0-BHAHMOMY, He C paflMallHoH- 
HO-XHMUUECKOM, a C TEPMHYeCKOH ecTpykiHweH NoMMepa, MpoTeKarouleh MpH 
HarpeBaHHH OOpa3ia Wo ~ 150°, mpH ompewereHuu ero MOseKYJAPHOFO BeCa. 
AnasOrHyHble pe3yJIbTaTb! ObIIH MOJyYeHbl HAMM IPH MmporpeBe MOMCTHpOa, 
OOJIyYYeHHOrO Ip KOMHATHOH Temnepatype Jo 140—145°, usm upu oOny4eHuH 
momuctupoma mpu 135°. Tpuseqenupie B TaOn. | WaHHbIe NOKAasbIBaloT, TO 
B TO BPeMA Kak Mporpes OOpasia npu 9V—95° yBemMuMBaeT CTeMeHb CIIM- 
Banusa, mporpes mpu 140—145° sameruo ee cHuxaer. Ilomyyenupie pesybTarbl 
[a1oT OCHOBaHHe CUHTATb, YTO ONPeeAOWUIMM B MpoleccaxX TepMHYeCKOH Je- 
CTPYKILMH MOJIMMepOB ABJIAeTCA aKT BOSHHKHOBCHHA CBOOOAHOrO PaluKasa 


BHYTPH Wenn. 


Hayuno-nccreqopaTebcKHi (pH3MKO-XHMMUeCKHH MHCTHTYT 
um. JI. A. Kapnosa 


UMTHUPOBAHHAS JIUTEPATYPA 


a: jr Ke pat seu. Galviert).3s AmaChem. Soe.,. 79-5921 (1957)... 2 R. B Macrk; 
-B. Lyons, Nature, 180, 1346 (1957). 
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PH3HYECKAA XHMHA 
M. P. KPHUEBCKHM x 10. B. IWEXAHCKAA 


KOHBEKTHBHAS JING Y3HA B DKAAKUX PACTBOPAX 
NPH TYPBYJIEHTHOM PE)KUME 


(I1pedcmaeaexo axademuxom C. H. BoasdKosuuem & V 1958) 


B. I. Jlesuu (1) BpiBet ypaBHeHwe KOHBeKTMBHOH pMpy3svn B X*KAAKHX pac- 
TBOpaX K MOBEPXHOCTH Bpalijaioujeroca MuCKa AA TypOyJIeHTHOTO pexKuMa: 


pe 0,01 CoS (aw) ( v is (1) 
eA 


aw 


rae J —uddy3HOHHbIh NOTOK, s —Moujayb WucKka, @—pafuyc uCcKa, 
Cy) — KOHICHTpallMA BeluecTBa B Ape pacTBopa, ® — yIrJIOBad CKOPOCTb Bpa- 
WIeHHA JHCKa, ¥Y — KMHeMaTHYeCKad BASKOCTb pacTBOpa, * — YHHBepCaJIbHaA 
MOCTOAHHaA. 

Ypapuennve (1) BplBeqeHo B corjacHH c mpeycraBeHuamu JI. JI. Jlan- 
nay (7) u B. I. Jlesuua (*) o npupoge TypOyeHTHOrO JBHXKeHUA B KHAKOCTAX 
BOJIM3H TBEPLOH MOBepXHOCTH UM B MpOTHBOpedHH C MpexcraBseHuAMH JI. [Ipanzr- 
ua (4) u T. Kapmana (°). 

HackOJIbkO H3BeCTHO aBTOpaM, CXHHCTBCHHOM SKCIePHMEHTAaJIbHOH MpoBep- 
KOH ypaBHeHna (1) aBsaetca paOota MW. A. Barouxon (°), koropaa NoKa3aua, 
yTO Judppy3HOHHbIM NOTOK MponopuuouasenH KOSpPpHUNeHTy Audpysuu B cTe- 
meHu 3/4, a He B MepBol cTeneHu, Kak 9TO CemyeT u3 Teopuu JI. Ilpanyzraa 
u T. Kapmauna. 

ABTOPbI PeLIHJIM SKCICPHMEHTaJIbHO MOATBEPAHTb CMpaBeJIMBOCTbh ypaB- 
HeHuaA (1), N0Ka3aB MOCTOAHCTBO YHHBepCaJIbHOH KOHCTAHTbI &, BXOAAMIEH B 
3TO ypaBHenue. Bropaa wWelb paOoTbl CocTossIa B OMpeseeHHH YHCeHHOrO | 
3HaueHHA @, 4TO CaMO MO ceOe MpescTaBAIO HHTepec. 

JA SKCHEPHMeHTaJIbHOK MpoBepKH ypaBHeHHA (1) aBTOpbl H3MePHJIN CKO- 
pocTb pacTBOpeHuA TepedraleBoh KHCJIOTLI, MpakTHYeCKH HepacTBOPpUMOli 
B Boge (*), B pasOaBJICHHbIX BOJHbIX pacCTBOpax BOJa —TPH9THIAaMHH, Boa — 
reKCaMeTHJICHHMHH HM BOJa —aMMHaK MeTONOM Bpalijaiomeroca WHcka mp Typ- 
OyeHTHOM pexume. IIpnOop Aaa H3MepeHHA CKOPOCTH paCTBOpeHHA HM MeTO- 
Ka MpOBefeHHA OMbITa OnHCaHbI B (8). 

PesyJIbTaTbl H3MepeHHH Zudtpy3HOHHbIX MOTOKOB BMEeCTe CO BCeMH JaHHbIMH, 
HeOOXOJMMbIMH VIA BbIYHCICHHA 3HAYeCHHA a, MpHBezeHb! B Tau. 1. Tlorpeu- 
HOCTh oOMpelesleHuA upPy3SHOHHbIX MOTOKOB pH TypOyJIeHTHOM pexuMe 
Oblia paBHa 3—6%. 

SHayeHHA KOpPHMeHTOB Luppy3sun amMMuaka WM TreKCaMeTHJICHHMHHA IPH 
PpasJIMYHbIX TEMMNepaTypax aBTOPbI BLIYHCJIMJIM MO JaHHbIM O CKOPOCTH pacTBO-| 
peHuA TepepTaleBoH KUCJIOTHI B pasOaBJCHHbIX BOJHbIX PaCcTBOpaxX aMMHaKa_ 


HM TeKCaMeTHJICHHMHHAa TIPH JIaMHHaPpHOM pexkuMe nO ypaBHenuio B. TI. Jle-; 
Buua (7): 


I = 0,62D*by—"leeo' c,. (2)) 


SHayenne Koa punnerta gudpysun TpusTHIamMuHa pH 17° 6pin0 BaaTo 
paBHbi 0,43-10-* cm?-cex-4. (8). KunemaTuuecky10 BA3KOCTb pa36aBJIeHHBIX: 


BOAHbIX PaCTBOPOB aMMHaKa MIPHHAJIM paBHOH KMHEMATHUeCKOH BA3KOCTHY 
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Ta6muna 1 


SHaveHHe YHHBepcaJIbHOl MOCTOAHHO! &, BXOJsell B ypapuenve B. T. Jlepuya yaa 
KOHBCKTHBHOH Hppy3Hi pH TypOyeHTHOM pexuMe 


Co MMOJIb I, MMOvIb y-102 D-108 ate 
Pacrsop | wlenounx | miewouux |, °C | enticen-| enter 1|Re= 22 | a 

30a — ammnuak 0,5 0,040 OW st 0,45 6,0 119000 0,16 
0,5 0,052 67,5 0,45 6,0 179000 0,16 

OF 0,023 40,0 0,65 Bole 82500 0,15 

O66 0,032 40,0 0,65 3,0 124000 0,14 

0,5 0,016 30,0 0,80 2,6 . 67000 0,14 

0,5 0,018 30,0 0,80 266 100000 0,14 

30a—rekcame-| 0,2 0,0035 40,0 OM We) 71500 0,14 
THJICHHMHH OFZ 0,0055 40,0 OL a0 107000 0,13 
Oy 0,0055 40,0 OL ites ARO 251000 0,13 

0,2 0 ,0030 30,0 0,9 0,72 59600 0,12 

0,2 0,0045 30,0 0,9 0,72 89300 0,11 

0,2 0,0045 30,0 0,9 Ona2 209000 0,14 

30a —TpusTHs-| 0,2 0,0020 17,0 1,06 0,43 50600 0,14 
aMHH 0,2 0, 0027 AAO 1,06 0,43 75800 0,14 


30bI (°), pacTBOpOB TpHsTHaMMHa —n0 JanHbim (1°), a KHHeMaTHUeCKy1O 
3A3KOCTb paCTBOPOB TeKCaMeTHJICHHMHH —BOJa oOnpeleHH BHCKO3HMEeT- 
90m Tennmepa. Mrax, cpequee 3Hayenne « paspno 0,13. Bepoatuasn omu6Ka 
ITACMIbHOrO H3MepeHHA «% Oblia + 0,01, a BepoxTHad ommOKa cpemHero 3Ha- 
ieHHa a + 0,003. Takum o6pa30m, a CoxpaHaeT CBOe 3HaYeHHe MOCTOAHHBIM, 
1€3aBHCHMO OT MpHpogzy AuddynHANpyrourero BewlecTBa, MPH H3MeHEHHH KOIp- 
PHIHEHTOB Auppy3uu BMATHAMUATb pas (oT 6,0-10-° go 0,43-10~> cm? cex. 71) 
1 W3MeHeHHH uncen Pettnombyaca or ~5-10* jo ~2,5-10°. 

TloctosHcTBO 3HaUe€HHA YHMBepCaJIbHOH KOHCTaHTbI @, BXOWAUIeH B ypaB- 
ieHne (1), ABJIAeTCA MOATBepxKAeHHeM CHpaBeuBocTH B3riagoB JI. JI. Jlax- 
jay u B.T. Jlepuua na mpupofxy TypOymeHTHOrO ABHxKeHHA B XKHAKOCTAX 
301H3H TBepOH MOBepXHOCTH. 


Hay4Ho-nceceqopaTebCKHli H MpOeKTHBIM HHCTHTYT Tlocrynuao 
a30THOH MpOMbIIlJIeHHOCTH TaN 1958 
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PH3HYECKAA XHMHfA 


HM. JI. POSEH®EJIbA u B. I. THEPCHAHILEBA 


BJIAAHHE AJCOPBLMH JIETY4HX HHEPABHTOPOB 
HA JJIEKTPOXHMHYECKOE MOBEJIEHHE )KEJIE3A 


(II pedcmaeaeno axademuxom IT. A. Pe6uxdepom 4 V 1958) 


Ba nocmeqHHe Tofbl Obll paspaOoTaH HOBbIH BeCbMa 2dPeKTHBHbIH MeTO 
3allHTbl H3eIMH WH mpHOopoBw oT aTMOciepHOH KOppo3HH. Cyl{HOCTb MeTOJla 
Baksll0OUaeTCA B TOM, YTO B 3€MKHYTOe MpocTpaHcTBO, rye momenjaeTca mpHOop, 


BHOCAHT XHMHYeCKHE COeCJIHMHCHHA, 


m6 J 

- 100 

- 200 5 

x———$_—$«__— / 

& 

- 300 

a a0 
Puc. 1. 3aBucHMocTb cTalvonap- 
Horo.) =©—-s FOTe€H{Hala = Kees Horo 


QuleKTpoka OT XapakTepa aycopo- 
uuu OeH3HamMuHa. /— ds1eKTpog 
BbULepxKKU B Napax OessuaMHHa 
mo HaneceHuax maenkn 0,01N 
Na2SQO,, 2 -— a1eKTpod BbINepxKaH 
B llapax OeH3uslaMHva Moce Ha- 
HeceHua maenku 0,01 N NaeSQOg, 
38 — Ha dJIeKTpO HaHeceHa MeH- 
ka 25% pacTBopa OeH3H1aMHHa B 
0,01 N NaeSO, (TomuuHa cioA 
160 w) 


B 3JICKTPOJIHT, OUeHb RavleKH OT peaJIbHbIX YCIOBH MCMOb30BaHNA seTyuer 
wHrHOuTOpa, alcopOupyrouleroca OObINHO M3 Ta30BOl (ba3bl, H He MO3BOUIAIO 
MOITOMY, Kak OyeT MOKa3aHO HMKe, 
HOCTH JleHCTBMA NOMOOHbIX coequHeHHit. 

B nactoauel paOore Obl MpHMMeHeH MeTO HCCIeqOBaHHA 3/IeKTPOXHM 

KHHe€THKH B TOHKHX CJIOAX 3JIEKTPOJIHTOB, 
Meroguka Oblia 
HHH, YTOOH! MOXKHO ObIJIO HAHOCHTb Ha MOBEPXHOCTb SIEKTPOMa IWICHKH 9J1eH 
TPOMHTOB MoCce alCopOlwMn UM HHPHOUTOPA H3 ra3s0BOli *asbl Ge3 HapyeH 
TePpMeCTHUHOCTH MpOCTpaHcTBa. 

B xkayecTBe JleTy4HxX MHrHOMTOPOB u3yyanHch Gen3uamun (C,H,N) | 
mopdoumu (CyH,NO). Mpeqpaputerbuo onbitamu OblIo ycTaHOBseHO, TO 91 
COCIMHCHHUA XOPOWIO 3aL\MalOT *Kee30 OT KOppoOsHH. 

Ha pue. 1 mpegzcraBseHa 3aBHCHMOCTb NOTeHIMaa x*eNe3a OT BpeMer 
NPCABaPHTCIbHOK BbIMePHRKKM SeCKTPOMa B aTMoOccepe, HacbINeHHOH GeH3Hi 
aMHHOM (kpuBaa /). M3 pucyHKa BuO, YTO ancopOuMA MHrMOuTOpa CABHTa 


yeckoH 
u& aBTopoB (°). 
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OOaawulve OMpeesleHHbIM aBJIeHHeM 
mapa, Tak Ha3bIBaeMble JleTyyHe MHTHOUTOPHI, 
KOTOPbIe, HaCbINad BO3AYUIHOe MpOCTpaHCTBO, 
MOJIHOCTbIO TpeOTBpamlaioT KOpposuto. Mexa- 
HH3M HX JleHCTBHA MOUTH He H3Y4eH, XOTA O 
HeM OblIO BbICKa3aHO MHOrO mpesnouo*KeHHli 
HM JorafoK (3). 

Vcxola M3 9eKTpOxXHMHMYeCKOH TeOpHH 
KOPPO3HH MeTAaJJIOB, HaHOoslee BEPOATHBIM OBI- 
JIO MIpeANOIOKUTb, YTO TOpMOsauee MelcTBHE 
JIETYYHX HHPHONTOPOB CBA3aHO CO CHOCOOHOCThH 
aycopOHpOBaHHbIX Ha MeTaJIMYeCKOH mMOBepx- 
HOCTH COCHHCHHH W3MC€HATb KUHETHKY 3y1eK- 
TPOMHbIX PeakUWH, OOYCOBJIMBAIOULUX KOppo- 
3HOHHbIM mporecc (7). 

IIpomece aycopOuHH w3yyasICd HaMH 3u1eK- 
TPOXHMHYCCKHMH MeTONaMu (H3MepeHHe cTallHo- 
HaPHbIX MOTeCHUHaJIOB), UYTO OLHOBPeMeHHO nas 
BaJIO BO3MOXKHOCTb HOJIYYHTb JaHHBe U O Ha- 
IpaBJICHHH U3MeCHCHHA 3JIeCKTPOXHMHYeECKON KK) 
HeTHKH. 

OObIuHbIe METOJbI HCCIeEIOBAaHHA HHTHOUTO! 
pOB B yCJIOBHAX, KOPa OHH 3apaHee BBOMATCS 


yCTaHOBHTb cCneluduyeckue oco6er 


pa3pa0oTaHuHblit OHH) 
yCOBepuIeHCTBOBaHa B TaKOM HamipaBu¢ 


CTaMOHaPHEI NOTeHIMas B NOO*KUTeENbHYIO CTopoHy. C YBeJIMYeHHeM Bpeme- 
HH BbIAepKKU BICKTPpOMa B aTMocdepe, HacbIMeHHOH Napamu nHTrHOuTOpa, 
HaOOqaemblit adibekT ypemwunBaetcs, Jocrurad mo ucTreuenun ompeyemeH- 
HOrO BPeMCHH NOCTOAHHOTO 3HaY¥eHHA, KOTOPOe JIA OeH3HaMUMHa COCTABIJIAeF 
mpumMepHo 40—50 yac. Ouesuyuo, uro 3a 9TOT nepHoX HacTynaerT mMOHOe Ha- 
CBIN,CHHE MOBEPXHOCTH HHTHOMTOpOM. CyBur morenttuala mpu 3sTOM Jocruraer 
Oonee 200 mp. 

HuTepecuo oTmeTuTb, 4To afcop6uua stToro xe HHIMOUTOpa 3 TasOBoir 
(pasnt, MpoTeKaioulad, ONHAKO, B YCJIOBHAX, KOra Ha MOBEPXHOCTH MeTasva 
HMC€TCA TOHKHHM C/OH SJICKTPOJHTa, MPUBOAMT K Topasqo MeHbuIMM acppeKTam 
(cM. KpuByio 2). B nocmeqnem cayuae noreHunan xenesa clBuraerca Bcero 
Ha 50—60 mp. 

AxcopOuua meryyero uuruOuTopa 13 KOHILCHTPHPOBaHHOrO pacTBOpa HH- 
ruoutopa (25%) B cepHoKucsiom Hatpuu 0,01 N taxxe ne B CocTosHUH CIBHHYTb 
CTaMOHAaPHbIM MOTEHIMa 2KeNe3a Ha TaKYIO BEHYHHY, KOTOPy10 MbI perucr- 
pupyemM np aycopOuuu uHrHOuTOpa u3 
rasoBow cbasbl (CM. KpuBy1o 38). [lo- 
CleqHee, OUCBHHO, OOyCIOBIeHO Mmpeu- 
MYLUeECTBEHHOH aycopOunel HoHOB SQ, ~. 

TakuM oOpa3om, cylekyer 3aKui10- 
YMTb, YTO afcopOuuA UHrHONTOpa U3 
rasOBOH (a3bl IpHBOANT K Gomee 3HadH- 
T@JIbHbIM C/BHraM MOTeHIMasla, a CTaso 
ObITh H kK Oosee BLICOKOM CTreneHH mac- 
CHBalHH QJIeKTpOIa. YY 

AJcopOmuvOHHad CBA3b MHrMOuTOpa 
C MeTaJIJIMYeCKOH MOBeEpXHOCTbIO 
YCTOHUHBOCTh WaCCHBHOrO COCTOAHHA 
MOryT ObITb B He€KOTOPOH cTeneHH OXa- 
PakTepH3O0BaHbl JaHHbIMH TO H3MeHe- 


| 
Jaen OW OG: 


HHIO NOTeHIWMala MeTaJJia BO BPeMeHH 
mocyie HaHeCeHHA Ha efO MOBEPXHOCTb 
TWI€HKH 3JIeKTPOJINTA. 

Ha puc. 2 noKka3aHbl KpMBbIe H3Me- 
HeHHA CTallMOHapHOrO MOTeHWHaa *Ke- 
yle3a BO BPe€Me€HH B 3aBHCHMOCTH OT 
JWJIMTeCJIbHOCTH NpelBapuTeJIbHOH BbIep- 
X%KKH MeTawIa B aTMocdepe smeryyero 
MHrHOuTOpa (OeH3HJIaMNHa). 


Qn choca lannsstas 34 


Puce. 2. W3menenne cTalMoHapHoro MOTeHILA- 
aula %Kese3HOLO BIEKTPOa BO BPEMeHH B 3a- 
BHCHMOCTH OT BDeMeHH TIpeBapHTeIbHCrO 
KOHTAKTa 3eKTpOa Cc NapaMH OeHsnsaMu- 
Ha. SaextpomutT —0,01 N NaeSO, (TomH- 
Ha culos 160 wu). 1 — 6e3 meTyyero MHTHOH- 
Topa. Bpema mpeqpapuTesbHOrO KOHTaKTa 
93NeKTpola C NMapaMH OeH3niaMHHa NO HaHe- 
CeHHA MJIeHKH SmeKTpomutTa: 2—1 4yac., 
8 — 17 ywac., 4 — 24 uaca, 5, 6 — 42 —72 


Tlorentivasl auleKTpofa, He BbIJep- uaca 
2%KaHHOTO MpeABapHTeJIbHO B aTMOCdepe 

sleTyyero HHTHOUNTOpa, CoO BpeMeHeM pa3OslaropamuBaetca (kpHBan J). Kpat- 
KOBPeMeHHaA BbIAepxKa QIeKTpONa B Mapax meTyyero HHrMONTOpPa IpaKTH- 
YeCKH H€ Me€HAeCT HavaJIbHbIN MOTeHIHa JIeKTpOfa. Co BpeMeHeM, BCJIeECTBHE 
aKTHBUPOBaHHA IJIEKTPOJIHTOM MOBCPXHOCTH JJICKTPOa, a BOSMOXKHO U allcopo- 
I[MOHHOFO BbITeCHeEHHA HOHAMH CyJIb:baTa C MOBeEPpXHOCTH IIeEKTPOMa KUCMOpOa, 
- TIOTeHI[MaJI *Kemesa HAYMHAeT PazsOsaropaxuBaTLed (KpuBbIe 2 uO). (MHTepecHo 
OTMETHTb, YTO BHAYAJIC MOBEPXHOCTbh JIeCKTPOa mpnHoOperaer Oomee OTpHIla- 
TeJIbHbI€ MOTeHI[HaJbl, YEM B OTCYTCTBHe uHTHONTOpa. [loceqHee sABJeHHe, 
BO3MO%KHO, CBA3aHOC TeM, YTO MpeBapHTesbHad alcopOuuA OprannyecKoro 
KaTHOHAa, OOpasyrolsjerocnA MpH ruApomuse HHrHOUTOpa, OOeruaeT alcopOmn1o 
| AHHOHOB.) 

B yasmbuelmem, BcsieqcTBHe ajcop6uuH uHrHONTOpa u3 Fa3s0BoOH (asbr, 
MpOMCxoOAAMeH wepes MWICHKY, HaYMHAIOT CKAa3bIBaTbCA Ke NMaCCHBUPYytoOulHe 
cBolicTBa HHTHOUTOpa UM MOTeHWHa 9eKTpOfa CyBuraeTcaA Bce Oomee u Oouee 
.B MOJIO%KUTeIbHYIO OOaCTb NMOTeHWHAaAIOB (KpHBbIe 2, 8). 

Ilo mepe yBeHueHHA BPeMeHH TIpeABapHTeIbHOH BbI-epRKU IIeCKTPOsa 
B aTmocibepe apoB WHTrMOuTOpa NOTeHIWMa MeTaIa CTaHOBUTCA BCe Gouee 
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ycroiumBpim (kpuspe 4, 5, 6), AKTMBHpyioulerO BMAHMA S/eKTPOTA He 
HaOmonaetca. IloreHiHasl CHJIbHO CIBHHYT B MOJIO*KUTEJIbHY!O CTOPOHY (KpHBBIe 
5 wu 6), uo yka3piBaeT Ha YCTOMYMBOCTb NacCHBHOTO COCTOAHHA. 

AnanormuHoe 2Ke BAMAHHe Ha 3/IEKTPOXMMHMYeCKOe MOBeReCHHE 2*KeMeSHOrO 
9nekTpola oKa3biBaeT HM ascopOuma MopdouMHa. SaBHCHMOCTb TIOTCHILMala OT 
BPeMCHH BbIepXKU BIeKTPOMa B aTMOCHepe, HaCbILMCHHOH MapaMu MopouIMHa 
(puc. 3, KpuBaa /) moq0OHa TOM, KOTOpaH pacCMOTpeHa BBILLIC. Bpema mpeyeuib- 
HOFO HACbINLeCHHA MOBeEpXHOCTH HHPHONTOPOM JIA MOp*OIHHa, OMHAKO, IPHMep- 
HO B [Ba pa3a MeHbUIe, 4eM y OeH3HaMMHa. Y2Ke IPH H€3HadHTebHOM Bpe- 
MeHH KOHTaKTa 9/IeKTpOMa C MapaMM STOFO COeAMHCHHA MOTCHIMal CABHraeTcAa 
cuuibHo (Ha 180—200 mp) B nomoxKuTenbHyt0 cropouy. Tak xe Kak Y OeHsHJI- 
aMuHa, acopOuHaA MOpouMHa uepe3s MVICHKY BbISbIBaIa TOPa3sqo MeHbUIMH 
addbext (kpuBas 2). Bonee Toro, B HavaJIbHbIM NepHON NOTeHIMad 2KeeSa pas- 
OnaropaxkuBaerca, YTO OOYCMOBJIEHO AKTHBHPOBaHHeM MOBEPXHOCTH 3/1eKTPO- 
/ 

120 

160 


200 3 
240 : 
280 4 
" 320) 
J60 
4005 20 40 6&0 4ac. 
Puc. 3 Puc. 4 


Puc. 3. 3aBHCHMOCTb CTalHOHAaPHOrO NOTeHWHala *KeMesHOrO SeKTPOAa OT XapakTepa acop6- 

WMH MopdouHHa. | — ameKTpo BbI.ep%KaH B apax MopdowHHa JO HaHeceHua mMeHKH 0,01 N- 

Na SOq, 2 — 91eKTpoOd BbIep2KaH B Mapax MopcboHHa Nocme HaHeceHHa MTeHKH 0,01 N Na,SO,, 

3 — Ha 9uIeKTpOR HaHeceHa MeHKa 25% Shea MopdomHHa B 0,01 N Na SO, (romuuHa 
cox 166 pu 


Puc. 4. Usmenenue cralMouap Horo NOTeHIMala *KeMe3HOrO SIEKTPOLa BO BPEMEHH B 3aBHCHMOCTH 
OT BPCMeHH TpeBaPHTeIbHOrO KOHTAKTA JeEKTPONa C MapamH MopdouHHa. QaextposmuT 0,01 N- 
NaeSO,, TommuHa com 160 u. 1 — 6e3 meTyyero uHrHONTOpa. Bpema MpeqBapHTebHOrO KOH- 
TakTa 9JIeKTpoqa Cc MapamMad MopdomHHa WO HaHeCeHHA MVICHKM 9eKTpomuTa, 2— | yac., 
8—17 uac., 4, 5 —42—72 uaca | 


JIMTOM B YCJIOBHAX, KOrla alcopOuuA HHTHONTOpA, OUeBUAHO, ele claOa HH 
BoBce He mponsouia. [locme HekoTOporo BpeMeHH MOTeHWHa Se€KTpOa Ha: 
WHHaeT OOJlaropaxKHBaTbCA, 4YTO OOSACHAeTCA acopOuneli mapoB mopdomuHa 
IWICHKOH SJIeKTPO.1MTa MH MOCMeLyoueH acopOuneH 21eKTpOAOM WHrHOuTOpa 
v3 pacrBopa. Ilorenunas CO BpeMeHeM YCTaHaBJIMBaeTCA Ha MOCTOAHHOM YPOBHE, | 
OfHakO OH He JlocTuraeT TeX 3HAYeHHU, KOTOPbIe MpHOOperaer dIeKTPOA ApH 
MIpe{BapHTebHOH acopOuun uHrvOuTOpa us rasoBoH cbaspl. AXcop6uua mop- 
OIMHa M3 pacTBOpa, B KOTOPOM KOHUWEHTPalluA MHFHOUTOPA Oba BeCbMa OOvIb- | 
mow (25%), Takxe JaBasa MeHbuui apcdext (KpuBaa 3). Tloresuuan TaKxoro 
ameKkTpoga B muienKe 0,01 N Na SO, 61u30k K NOTeHIMasly aeKTpOa, npesBa-| 
PHTCIbHO MOABeEPprHyTOrO AeHCTBHIO NapoB MOpPo/INHa B TeYeHHE BeCbMa MaJIOrO| 
BpemeHH. [lorenttual He H3MeHACTCA MPH 9TOM C YBEJIMYCHHEM BPeMeHH BbITepx- | 
KM 9/I€KTpOa MO pacTBOpoM M He MpMoOperaer 3HaveHHH, XapaKTepHbIxX LA | 
SNeKTPOMa, MOCTHTMIErO COCTOAHHA MOJHOFO HaCbILLeHHA MOBEPXHOCTH U3 1a3o- 
BOH (pa3bl. 

IIpounocTh cpa3u MOpdosMmHa C MeTasIMUeCKOH MOBepXHOCTbIO, ero maccu-| 
BUPYIOUlMe CBOHCTBA XapaKTePH3YIOTCA KPHBbIMH H3MCHCHHA NMOTeHIHaa BO) 
BPeMEHH MOCe HaHeCeHHA Ha BICKTPOA, KOTOPbI Obl MpeABapuTeNbHO BbIep-| 
%aH B aTMochepe mapoBw moptoumHa, mienKu 0,01 N Na,SO, (puc. 4). He- 
MOJIHO€ HaCbILeCHHe MOBePXHOCTH 93/IeKTPOa HHTHOHTOPOM (BbIep2xKaHHbIM B 
Teyenne | u 17 yac.) nenaer noreniMad euje HeycroiiunBEM (KpuBbIe 2 u 38). 
Oguako mocse 48 vac, KOHTaKTa d1eKTpOfa C MeTYYMM HHTHOMTOPOM NoTeHIMad’ 
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CABHraeTCA CHJIbHO B TIOJIOXKHTCJIbHYIO CTOPOHY HU CTaHOBUTCA CTaOHJIbHbIM 
(kpuspie 4 u 5). Tlocmequee yka3pipaeT. Ha TO, YTO MaCCHBHOe COCTOAHHe 
SNleKTpOa B MpHCyTCTBHH MOpdoIMHa BecbMa ycTowuuBo. Takum o0pa30m 
MbI TIPHXOAHM K 3aKJIIOUCHHIO, YTO JeTYUHe HHIHOUTOPHI alcopOupyroTca Mme- 
TAJIIMYCCKOM MOBEPXHOCTbIO H H3MCHAIOT CHJIbHO €€ 3JIEKTPOXHMHMYECKHE CBOM- 
cTBa. HanOouburee cMeleHHe CTallWOHapHOrO NOTeHIMana HaOsOaeTcA pH 
MpeABapuTeMbHOK acopOuHu 9IeKTpOJOM UHTHONTOPa U3 Lra3s0BOH (asbl. 
B 9TOM culy4ae JOCTHraeTCA MAKCHMaJIbHOe HaCbINeHHe NOBepXHOCTH HMHTHOH- 
TOPOM li 3HAUHTeCIbHaAH YCTOHYMBOCTb MaCCHBHOrTO COCTOAHHA. 


Mucrutyt musuueckow XMMHH Tloctynuao 
Akafemuu HayK CCCP 10 IV 1958 
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Jloxnaaygn AkayeMunH HayRK CcCccP 
1958. Tom 122, NM 2 


PH3HYECKAA XHMHA 


H. H. THXOMHPOBA, Bb. B. JIYKWH, JI. JI. PASYMOBA 
M wleH-Koppecnonzent AH CCCP B. B. BOEBOJCKHA 


HCCJIEQOBAHHE CTPOEHHA MPOAYKTOB KAPBOHH3AUHH 
YIJIEPOACOJEP)KAWIAX BELIECTB METOJOM 3JIEKTPOHHOLO 
MAPAMATHUTHOrO PE3OHAHCA H PEHTTEHOrPA®HEN 


B nocuequwe rolbl MeTOJOM 3JIeKTPOHHOTO NapaMarHHTHOrO pe3s0HaHca 
(9. 0. p.) OblIO MOKa3aHO, 4YTO B NpOMyKTax KapOOHH3allMU Pa3JIMUHIX Opra- 
HHUeCKHX COeXHHeHHH OOpa3yioTCcH cCBOOOMHbIeC pauKaJIbl, KOHICHTPalluA 
KOTOpbIx JocturaeT 10!°—10?9 r+ (?). Mero 9. nl. p. NOPIOMeHHA MO3BOUIAeT 
HEMOCPeNCTBEHHO OOHAPY2KUBaTb B HCCJeAyeMol cucTeme CBOOOHbIe PayMKaJbl, 
ONpeleIATh HX KOHICHTPallHio; Ha OCHOBaHHH aHaJi¥3a (POPMbI JMHHM MOrVIO- 
I€CHHA HW WMPHHbI €€ MOXKHO eaTb 3aKJIOUCHHA O CBOMCTBaX CBOOOJHBIX Ba- 
JIeHTHOCTeH H OO HX B3aHMOJeCHCTBHH C OKPY2KalOUIMMH aTOMaMH. 

JIA BbIACHCHHA BO3SMOXKHOCTeH, OTKPbIBAIOWHXCA MPH COBMeCTHOM HCCcvIe- 
JOBAHHM CTPyKTYPbI KAPOOHH30BaHHBIX Bel[eCTB MeTOJOM 9. II. p. H PeHTTeHOo- 
rpaduu, HaMH MpoBeeHO H3yYeHHe CTPYKTYPHbIX H3MeCHECHHH, MPOHCXOAMUX 
mpH KapOonusauHH nowMBuHHIxiopHfza (IIBX) u nommBHHHIM,eHXopuya 
(IIBJ[_X). KapOonnsauua mpoBoyusiacb B HHeEpTHOH aTMocdepe B HHTepBaue 
Temnepatyp 300—700° C, Cnextpbi 9. 1. p. BCex OOpa3IlOB CHHMAaJIHCb B BbICOKOM 
BaKyYyMe Ha 9. II. p.-clekTpomertpe, paOoraioujem Ha uactote 9370 Mru. Cur- 
Hal perHCTpHpoBaJiCA Ha 9KpaHe OclMINOrpada uM Ha JIeHTe Camomucia 
B BUe NepBOH MpOH3BOAHOM KPHBOH MorsonujeHuA. TOHKOCTeHHAaA CTeKJIAHHAaA 
aMIlyJla C OOpa3llOM, MOMeLeCHHaA B Pe3OHAaTOP, COCMMHAACb C BbICOKOBAaKy- 
YMHOM YCTaHOBKOM, H OTKauKa OOPa3ila NPOBOANMAaCb HEMOCPeJCTBEHHO B peso- 
HaTope. Jad BCeX HCC/IeEOBaHHbIX OOpa3snoB g-cpakTop (2,0036) 6b 61n30K 
K g-cpakTOpy CBOOOAHOrO SIeKTpOHA (2,0023). OcHOBHEIM H3MepAeMbIM MapaMmer- 
pOM SABJIsAaCb WHpPHHa JIMHHM (paccTOAHHe M@ExK]y TOUKAaMH MaKCHMaJIbHOrO 
HakJIOHa KPHBOH MOrvOnjeHusA). 

Kak H3BeCTHO, B CHCTeMaxX, COCTOANIHX H3 «IerKHX aTOMoB» (H, C, O, N) 
WWHpHHa JIMHHM 9. MI. p. OT HeCMapPeHHbIX SICKTPOHOB OMNpeeIMeTCA B OCHOB- 
HOM JIHMOJIbHBIMH B3aHMOeHCTBHAMH MarHHTHbIX MOMECHTOB HeCIapeHHbIx 
QJICKTPOHOB B OOpasle MexKy coOoH H UX B3aHMOJeiHCTBHAMH C MOMeHTAaMH 
sagep H ua N. Tlepspiit Tun BsaumofelictBua MpHBOLUT K Tak HasbiBaeMOMy 
CIIMH-CIIMHOBOMY YUIMPeHH1O, BTOpOH —k YyBeNHUeHHIO OOnIeH IWMpPHHBI JIH- 
HHH 3a CUeT MOABJICHHA CBEPXTOHKOH CTPyKTYpbI (C.T. C.) JIMHHM 9. M1. p. 
C [pyro cTropoHbl, H3BeCTHO, YTO MPH HasJIMYHH JOCTaTOUHO CHJIbHOTO OOMeH- 
HOO B3aHMOJeHCTBHA MeKILY HECMaPeHHbIMH SIEKTPOHaMH WJM MpH WenoKa- 
JIH3allHH HeCHaPeHHbIX SJIEKTPOHOB MO CHCTeMe COMPSAXKeCHHbIX XHMHUCCKHX 
CBASeH JIOKAaJIbHbI€ NOJIA, OOYCIOBJICEHHBIe BbILMeyKa3aHHbIMH B3aHMoyelicr- 
BHAMH, YCPCAHAIOTCH, UTO IPHBOMHT K CYKEHHIO JIMHHH 9. I. Pp. H K H83MCHEHHIO 
ee (popMbI (mepexoy oT rayccoBoli k mopenuesori (*)). B cayuae cuctTem, B KOTO- 
PbIX OJ[HOBPCMCHHO HMeeT MECTO B3aHMOJEHCTBHE C SAJePHbIMH MOMeCHTaMH 
MW OOMeHHOe B3aMMOJeHCTBHE, HaOORaeTCH YMCHbINeHHe OOULeli HPHHEI HHH 
M CMA3bIBaHHe CBepXTOHKOH cTpykTypbl (°). Takum o6pa3om, aHaJIM3 WIMpHHBI 
M (OpMbI JIMHHM 9. MI. Pp. MOXKET WaTb WeHHbIe CBECHHA O MeCTe NOKaNHB3alLHH 
HECMaPCHUbIX SJIEKTPOHOB HM O CTpOeHHH UCCHeLyemoro BelllecTBa. 

264 


® Curual 9. 1. p. normomenus, CBUJETEIbCTBYIONIMH O HaJIMYHH CBOOOHbIX 
PaHKaJIOB, NOABJIACTCH Ha MePBbIX 2%Ke CTayquAx KapOonusaunn TIBX u TIBJLX 
(HaunHad c 350°). Ha puc. 1 noKxa3aHo u3menenue IUMPMHbI CHTHaJla 9. 1. p. 
(@) vit C6OuX BeMeCcTB B 3aBHCHMOCTH OT Temiepatypbl KapOonusannn. Jia 
IIBX wupuna .MHHM B Mponecce KapOonu3sauHH ymMeHbuaeTca oT 7,0 re (350 — 
450°) no 0,8 re (650°). pu ganbuertimem noppiuennu TemiepaTypbl KapOoun- 
3alMH JIMHHA HaunHaeT pacmmmMpsaTbes (1,2 rc npu 700°), a npw npoKanuBannu 
Bpime 900° HaOmofaeTca CTOUb peskoe YUINpeHHe AMHUM, YTO HaGMOeHUe CHr- 
HaJla OU€CHb 3aTPyHAeTCA. 

OrHocuTenbHO Oonbulad wupuHa wMHuU (7 rc) B TIBX yxa3bipaer na cy- 
U€CTBCHHOE BJIMAHHE CBEPXTOHKOPO pacienieHHA Ha AApax Bowopoma. Taxune 
CONbUIME LIMPHHbI XapakTepHb! WA HEKOTOPHIX NpPHPOHHIX yruei *. B cayyae 
CnelMaJIbHO NPHFOTOBeHHOrO yrJIAH, He COepxamero aTomoB H (kap6onn3a- 
wua C;Q,), 9.1. p. Maer OueHb y3Kyt1O JIMHMIO 
(~0,6 rc), uTO no_TBepxKaeT BbICKA3aHHO BBI- 
me MpeAcTaBseHHe OO yIIMPeCHHH JIMHHM 9. I. p. 
y yrix 3a cuer cCBepxTOHKOrO pacujeneHuA 
Ha Bofopoye (°). 

B cayuae TIBJLX (puc. 1, 2, 3), oco6enxo 
Ha HauaJIbHbIX CTaqMAX KapOOHH3alluu, JIMHUA 
9. Il. Pp. SHAYHTEIbHO yxKe, 4YEM JIA MpOLyKTOB 
KapOonnsaunu IIBX. Haunuaa c Temnepatyppi 
550° nosBsseTca BTOpO wWHpOKH curHan 
93. . p. norsomernua (puc. |, 8). 

Jia OObaCHeHHA OCOGeHHOCTeH KPHBbIX 
9.n.p. Qaa IIBX u NBILX 6p ucnosmb30Ba- 
HbI CBEJCHHA O MOJICKYJIAPHOM CTPyKType uccule- 
JOBaHHbIX OOPaslloB, MOJYYeHHbIe PeHTreHorpa- Os ae Pee 
cbuyeckHM MerTojiom. PentreHorpaMMbl Tpo,yK- 

TOB KapOouusanuu IIBX (350°) (puc. 2a) yKa- pyc. 1. Yemenerine wupwusr’au- 
SBIBAIOT Ha IIPHCYTCTBHE B oOpase YIJI€pOAHbIX HHH 9. N. p. MpokykToB KapGo- 
ceTOK (M0 HaJIM4MIO Ha PeHTreHOrpaMMe JIMHHM eee 
(10)) u Ha TO, YTO CeTKH pa3z06m[eHbI Heperysap- ee ae "Gr tee 
HbIMH CTPYKTYpaMH (MO OTCYTCTBHIO Ha PeHT- KapOoumsalmn 
renorpamme siMHuM (002) uw HamMuHIO OobUIOrO 

(boHa B WeHTpe peHTreHorpaMMbl). CorsiacHo 06- 

ICMPHHATHIM MpeACTaBJIeHHAM, CBOOOJHbIC pauKaJIbl B YruAx O6pasytor- 
CH B OOKOBBIX WensAX B pe3yJIbTaTe pa3sppiBa C—C umn C — H-cpas3eii 
(®). Tlostomy MoxHO Ox%KHaTb, YTO B CTPykKType C BeCbMa JWIMHHbIMH MezK- 
Ce€TOUHBIMH IeNAMH C HeOOJIbIHM COMPAXKeHHEM paNKaJibl OylyT Mocta- 
TOUHO yaJIeHbl OT COMPAXKCHHOM CHCTEMbI CBAZCH B YIIepOAHbIX CeTKaXx, H O6- 
MeCHHOE B3aHMOJeElCTBHe HEeCMapeHHOTO SJICKTPOHA C COMPAXKCHHBIMH 7 -CBA- 
3AMM KOHJCHCHPOBAHHbIX KOJI He OyLeT MocTaTOUHO CHJIbHbIM. Haye rogops, 
OOMCHHOE CyXKeHHE JIMHHH 9. I. P., WIMPHHaA KOTOPOH OMpefeAeTCA CBEPXTOH- 
KOH CTPyKTypoli oT AZep Boopoya, He OyeT CAMWKOM OOJIbUIHM. 

Ilo pentrenorpadwyeckuM J[aHHbIM BHAHO, 4YTO MOBDILIEHHe TeMMepaTypbI 
npokasuBanua Wo 450° masio H8MeHAeT XapaKTep CTPyKTYyPbl NpOAyKTOB Kap- 
6onusaunn u3 IIBX (pune. 26). Benuunna sMHHH 9. .p. NOrOMeHHA TaKxe 
-ocTaeTca mpakTHueCKH HeH3MCHHOH. 

Jlanpuetimiaa KapOonu3anua TIBX (500—600°) npusogur K nosBeHHIO Ha 
-pentrenorpammax sMHuH (002), K yMeHbimeHHIO (OHA BHYTPH 9TOTO KOVIbIa, 
YTO YKa3bIBaeT Ha YMCHbUICHHE HEYMOPAMOYCHHOCTH CTPyKTYPbI, H K Cy?KeHHIO 
aunnu (10) u3-3a yBemMueHHA pa3MepoB ceTOK (puc. 26, 2). OTH UsMeHeHUA 
CBA3AHbI Kak C yYKOPauHBaHHeM OOKOBbIX Wee, Tak H C YBeJIMYeHHeM CONpsA- 
OKCHHA B HUX. YsTyyUIeHHe YCIOBHH COMpsAXxXeHHA HeCMAaPeCHHbIX 3JICKTPOHOB 


} 
| 


* [[[MpHHbl AMEN 9. 1. p. TaKoro *Ke NopsAAKa OblIH MOyYeHbI HAMH AIA pxa TOULAX MpH- 
| POAHbIX yraeit; aHanOrM4HbIe LanHbIe NpHBeLenb! B paore (‘). 
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C T-CBA3AMH APpOMATHYeCCKHX KOJI, MOXKET MPOWCXOAMTbh TakxKe 3a CueT MpH- 
6IMXKeCHHA CBOOOMHBIX pauKasIOB K MakeTaM ceTOK. OOyleruenHHe yCJIOBHH Co- 
IpsxKeHHA MpHBOAMT kK OOMCHHOMY B3aHMOJeHCTBHIO H, CJICOBATeIbHO, K ]O- 
NOJIHHTEJIBHOMY CYXKCHHIO JIMHMM 9. 0. p. Kpome Toro yMeHbIlaeTCa UM BeuIMUH- 
Ha CBePXTOHKOFO paClienJIeHHA, MOCKOJIbKY B BbICOKOTeMIepaTyPHBIX MIpOLyK- 
TaX KapOOHH3allMH OTHOCHTeIbHOe COfepxKaHHe BORoposa MeHbUIe. 

IIpoxanxa IIBX pu Oomee BEICOKUX TeMMepaTypax MPHBOAMT K 3HaUHTeJIb- 
HOMY POCTY Ppa3MePOB yIJIepOAHBIX CeTOK HM MX B3aMMHOFO yiNOpALOUMBaHHA. 
B pe3ysbTaTe STHX H3MeCHeHHH B CHCTeMe MOABJIAIOTCA 3JIEKTPOHBI MpOBOAH- 
mocTH. BsaumofelicTBHe HeCMapeHHOrO JJICKTpOHa C JJIEKTPOHAMM IIPOBOJH- 
MOCTH, OUeBHHO, H MpHBOANT K HaOwWOaeMOMYy Ha OMIbITe PpaClIMPeHH1O JIM- 
HH 9.1. p. Qua oOpasua TIBX, nomysenHoro mpu Temnepatype Bpme 700°. 

B TIBJ[X yxe mpu 350° umerotca HeOombuIMe CeTKH (cM. puc. 20), pery- 
JIAPHOCTb 9TOH CTPYKTYPbI, CyA NO HamMUMIO AMppysHoro KOJbIla MU CpaBHH- 
TeJIbHO HeOOJIbIIOrO (OHA BHYTPM Hero, 3HaAUHTEIbHO BIC, YeM JWI aHaJio- 
ruynoro oOpa3ia 43 TIBX. Menbuiad wpa JIMHHM 9. I. p. NOPIOWLeHHA WIA 
KapOonu30BaHHoro TIBJ[X yxasbiBaeT Ha JIyYWIyO COMPAXXCHHOCTb STON CH- 
CTeMBI 110 CpaBHeHHIO C KapOoHH30BaHHbIM [IBX. 

Kak yxe OTMeY¥asIOcb, MOBBIIMeHHe TemmepaTypbl KapOonns3annu TIBILX 
Bpuue 500° npHuBOAUT K MOABJICHHIO BTOPOrO CHrHaJla 9. NI. p., WHPHHa KOTOporo 
pacrer m0 Mepe MOBBILICHHA TemMmepaTypbl KapOonnsalun. Vurepecuo, ro 
B caydae HedTAHbIX KOKCOB, MpOKaJICHHbIX MPH pasHbIX TeMMepaTypax, pa3- 
JIBOCHHE CHTHaJIa COBMAaIO C Pe3KUM YBeJIMYCHHeM JJICKTPOHHOM MpOBOXMMOCTH. 
J] KOKCOB, IpOKaJICHHbIX IPH CPaBHUTeIbHO HH3KHX TemMepatypax (0 700°), 
HaOmofaeTcH OJMHOUHBIN y3KMH CHrHal 9.m.p. (2—4 rc) w BecbMa Malan 
9EKTPOMpOBOLHOCTS (< 3,107* om™!-cm~?). IIpu Temnepatype oOpaOoTKH KOKCa | 
yo ~800° noxBasetca BTOpOH WHpoKH curHam 9. 1. p. (150 rc), smexTpompo- 
BOJHOCTb yBelMunBaeTcA TO ~137% om!-cm7!. Tlospmrenue Temmepatypbi 
mo 1100—1300° mpuBoguT kK HaCTOMbKO OOJIbINOMY YIIMPeHHIO CHTHasa, 4TO 
JIMHHA 9.1. p. MpakTHyecKH He HaOwOaeTCA, a IJIEKTPOMPOBONHOCTb MOBBI- 
maetca 0 ~2,10-3 om7!-cm7}. 

Hasmune mpw BbICOKHX TeMMepaTypax ABYX CHrHaJOB 9. 1. p. MO HalllemMy 
‘MHEHHIO CBHJleTe/IbCTBYeT O CYU[eCTBOBaHHN B OOpa3ile ABYX THMOB HecMapeH- 
HbIX 9JICKTPOHOB, OTJIMUAIOWIMXCA, OYeBHAHO, MeCTaMH UX JOKaIM3alluH ¥ 
CTpyKTYpOH OKpyxKatoujen peureTKH cBxA3eH. MoxKHO mpesnosaraTb, YTO y3KHH 
CurHal, Kak u B Culyuae IIBX, o6ycnoBeH CBOOOAHbIMM BaJIGEHTHOCTAMH, JIO-} 
KaJIM3OBaHHbIMH Ha OOKOBbIX WeMmOUKaX C CHJIbHbIM OOMCHHBIM B3aMMOJeHCTBH- - 
e€M Me*K]y CoOOO!0 Yepe3s CHCTeEMY COMPAXKeHHbIX OOKOBHIX CBA3eH. Crenya pas-: 
BUTbIM BbILUe MpeACTaBJICHHAM O IUMPHHe MHA 9. 1. p. B YIsIepOMNCTHIX Be-; 
ILeCTBAX, MOXKHO CBA3aTb NOABJIEHHE LIMPOKOFO CurHasla C HamMuHeM CBOGOR-: 
HbIX BaJICHTHOCTeH BOJH3H OTICIbHBIX OOJIbIUMX YIIeEpOAHbIX CeTOK WIM ma- 
Ke€TOB, B KOTOPbIX MOABJIAIOTCA 3JICKTPOHb! MPOBOJMMOCTH. 


Tloctynusto 
28 VI 1958 
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K cmambe H. H. Tuxomupoeoii, B. B. Jlyxuna, JI. JI. Pasymoeou u 
B. B. Boeecdcxoeo, x cmp. 264 


Pue. 2. PentreHorpaMMpl MpoxykToB Kap6Oouu- 
3alHH NOMMBUHHAXIOpuga (a—350°, 6 — 450°, 
e — 500°, e— 600°) wH nomMBAHUANerxnopuya 

(0 — 350°, e — 450°, ac — 600°, 3 — 700°) 


K cmamoe J. M. Yuscuxoea u A. M. Tpunbko, Kk cmp. 278 


Puc. |. IIpyrox foquqHoro HHOSHs. 6X 


JAH, T. 122, Nb 2 
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Voxacayo Akayemun nayx CCCP 
1958. Tom 122, Ne 2 


TEOXHMHA 
Akayemuk JI. C. KOP)KMHCKHM 


THAPOTEPMAJIDBHAS KNCJIOTHO-LNEJIOUHAA JMO ®EPEHUMAULHA 


SameyaTeIbHOK OCOSeHHOCTbIO MpomeccoB mocemMarMaTuyecKoro u3MeHe- 
HMA TOPHbIX NOPO ABJIAeTCH COMPAXKCHHOCTS BbILeIAaYHBaHHA WM MOCeLyI0- 
ulero OCaxKeHHA OCHOBaHHH. MmenHHO, NOpogxb, nosBeprumeca BbIMLeIaMBa- 
HHIO OCHOBaHHH, KaK IIpaBHJIO, COMep2xaT CeTb MPOXKUJIKOB WIM XK, B KOTOPBIX 
MpOWCXOAuJIO MoceLyroulee OCamKMeHNe OCHOBAHHH, KaK TeX Ke, 4TO BpIMeNa- 
UMBaIHCb H3 pWJlexKau[MX NOpOX, Tak MW MpPMHeECeHHbIX MA@lMAaTOFeHHbIX. 
B To BpeMA Kak BbILLeaYHBaHHe paciipocrpaHsAeTca B MOpOMax CNMOWIHIM (ppoH- 
TOM, OCaxKeHHe OCHOBaHHi ObIBaeT IpHypOueHO K TpellHHaM C OOpa3s0BaHHeM 
%KHJI WH MPOXHJIKOB Cpe BbIIeJIOUCHHBIX MOpog. 

OOpa3oBaHHe PyAHbIX HM BOOOU[E OCHOBHBIX KWOK CpeH BbILeOUCHHbIX 
NOpO], MPHHATO OObACHATh HaJIOXKeHHeM ABYX Pa3JIMYHbIX CTalMii moceMarMa- 
THYeCKOrO Mpollecca, MpOTeKaBLIHX B pa3JIMUHbIX TCKTOHHYeCKHX yCJIOBHAX 
WIM pa3fleJIeHHbIX TCKTOHHYCCKHMH TIOJBHXKKaMH, BbI3BAaBLIHMMU OOpa3s0BaHHe 
TPelHH HM CMeHY OMHHX pacTBOpOB Apyrumu (TeopHa «nyJbCallun»). OnnaKo 
9THMH MIPHYHHaMH HeJb3A OOBACHHTb MOCTOAHHYIO COMPHAKeHHOCTh BbIIILea- 
YMBaHHA HW OCaxKeCHHA B pefesax OJHUX M TeX %Ke MOPOA, TaK KaK HOBbIe 
TPeCLHHbI MOrIM Obl MpowTH H NO ApyroMy HalpaBJeHuto. 

Comps2KeHHOCTb BbILNeauHBaHHA A OCaKeHHA JLyUUIe OOBACHAETCA C TOUKH 
3PCHHA THMOTeSbI KOMepexKarolleH BOJIHbI KHCJIOTHbIX KOMMOHECHTOB». ‘CormacHo 
9TOH rumoTese, MpH KPHCTaJJIM3alHH MarMbI HM OCOOeHHO TIpH mMocweLyrourer 
KOHJeHCalHH WJIM YIWIOTHCHHH HaKPHTHYeCKHX MOCMeMarMaTHUeCKUX pac- 
TBOPOB TIpOHCXOANT peskoe MOBbIeHHe HX KuCIOTHOCTH. IIpH 3TOM B CHy 
mpeqmosaraeMoro «KMCJOTHO-*uJIbTpalMoHHorO apdexta» (1) KHCOTHbIe KOM- 
MOHEHTbI B MOTOKe MpOCauHBatollHxXCA Yepe3s NMOPObl BOCXOMALMLHX BOHBIX 
pacTBOpoB MOAHMMAaIOTCA ObicTpee OCHOBHOH MacCCbl BOJHOrO pacTBopa, BCJeI- 
CTBHH Yero B MOTOKe COsJaeTCA OMeperkalolllad «BOJIHa» MOBbILCHHOM KUCJIOT- 
HocTu (1). B KaxKJOM JaHHOM CeYeHHH MOTOKA MpOCayMBaloulHXCA PacTBOPOB 
IPH MpOxOXKJ€HHH KUCJIOTHOM BOJIHbI KUCJIOTHOCTh paCTBOPOB CHayawa I0- 
BbIMaeTCA, YTO MPHBOAUT K BbIILeaYMBaHHIO MOPOAbl, a 3aTeM MOHMKaerTcA, 
'B CHJIY yXOJa KMCJIOTHBIX KOMMOHEHTOB, YTO IPHBOAUT K OOPaTHOMY OCaxKeHHI0 
OCHOBaHHHi 43 pacTBopa. Tak kaK B CTafMIO BO3pacTatolleH KHCJIOTHOCTH pac- 
TBOPOB paCTBOpeHHe mpeobylafaeT Ha OCaxKeHHeM, TO MOPHI NOpox Mp sTOM 
PaCLIMPAIOTCA, HM MOPOAbl CTAHOBATCA XOPOLIO MPOHHIAeMbIMH JIA PacTBOPOB. 
Tlostomy BbImeIayHBaHHe -MOxKeT paCnpoOcTpaHATbCA B MOPOMax CIVIOMHbIM 
()pOHTOM M 3aXBaTbIBATb 3HAaUHTeIbHbIe OODembI MOpoR. IIpu yxone «Bo/IHbM 
KHCJIOTHBIX KOMIMOHCHTOB KHCJIOTHOCTb paCTBOpa MOHHKaeTCA, OCaKeHHe 
‘Tenepb mpeoOjaqaeT Hal pacTBOpeHHeM, H NOSTOMY MOPbl NOpOA AOMKHbI 3a- 
KYNOPUBAaTbcA. ITO NPHBOAUT K MOBbIMNECHHIO LaBJIeHHA B paCTBOpPaXx HM K BbDKH- 


-MaHHIO HX B TPelHHbI, MO KOTOPbIM OHH TOJIbKO HU MOryT Telepb MOMHUMATbCH, 


. 


BbINOJIHAA UX CBOMMH OCayKaMH MO Mepe yxXOJla KHCJIOTHBIX KOMIIOHCHTOB. 
_ Takum o6pasom, mpoxoxeHHe BOJIHbI KUCJIOTHOCTH MPHBOAUT K OObEMHO- 
MY BbILeaYHBaHHIO OCHOBaHMM NOpOfbl HW K MOCMeLyIOuleMy KOHMeHTPUpOBaH- 
HOMY UX OCaxKeHHIO B BHC MPOXKHIKOB WIM XK B BbIIeIOUCHHOH moposle, 


.C HeKOTOPbIM OOMIMM MepeMeuleHHeM BeLeCTBa B HalpaBsIeHHH MOTOKa pac- 
| tBopos. B To Bpema Kak Moposa Mex Ay *KUMKAaMH OyeT OOCAHeHA OCHOBAHHAMH, 
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B XKWIKaX HMeeT MECTO 3HAUHTEIbHaAA KOHILCHTpalluaA OCHOBAHHH. OTO ABMEHHE 
MOXKeT ObITh Ha3BaHO «PHAPOTepMaJbHOM KHCJIOTHO-WeOUHOH Luddepenwua- 
wel» (TepMHH «rHpoTepMaJIbHaA» 3/eCb MPHMeHAeTCA B LIMPOKOM CMBICJIe, 
TaK KaK MMeIOTCA B BAY HE TOJIbKO COOCTBEHHO 2KUAKHe, HO H HaKPHTHYeCKHEe 
BOJHbIe paCTBOPE!). 

Oco6eHHO APKHe MPHMepbl KHCJOTHO-LIeETOUHOH AuddepeHuualnn Lalor 
MACCHBbI BTOPHYHBIX KBaPIHTOB, T. €. MACCHBbI CHJIbHO BbIII[eJIOUCHHBIX MOpPO 
Cpe BYJKAHOreHHEIX TOU. CpeqW BTOPHYHBIX KBaplHTOB NO NOposaM JMMa- 
puToporo cocTaBa (T. €. OeLHbIX ULeJIOUHbIMH 3eMJISIMH) IIOBCeEMeCTHO pacripo- 
CTPaHeHbI MpOxXKMIKH HW XKJbI, OOOrauleHHble TIMHO3CEMOM —9TO KOPyHJO- 
aHlaJlyZHTOBble H MOHOMHHepaJIbHbIe CePHUMTOBbIe, aJIYHUTOBbIe, KaOJIMHH- 
TOBbIC H MpOUWe MpORMIKM UM xXKHIbI. Cpeqv BTOPHYHBIX KBapIHTOB 10 Oosee 
OCHOBHBIM OpOaM CNHJIHTO-KepaTO*UpOBOH CepHH MOMHMO CepHILHTOBbIxX 
MPOKHIKOB OOBIUHbI MpOXKUIKH UM MacTOBLIe 3aJlexKH KOYeana (IMpHtTa), 
a TaKXKe KaJIbILHTa, XJIOPHTa M Mp. Secb OTUETIMBO MPOABACTCA 3ABHCHMOCTb 
cocTaBa %KMJIOK OCaKMeHHA OT COCTABa BBIII[eJJaYHBaBLIMXCA BMEeLLaIOWMX T0- 
pox. Cpequ rpelisenu3sHpoBaHHbIx Topo HWCXOAHOrO TpaHHTOUAHOrO CocTaBa 
THMHUYHbI MOHOMHHEepaJIbHbIe XKUIKH MYCKOBHTA, TOMa3a, UCIOUHbIX MOJICBbIX 
lumaToB. Cpe YacTHYHO BBII[eJIOUCHHbIX NPOMHJIMTH3HPOBaHHbIX AHJe3HTO- 
BHIX MOPON BCerfa OOWJIbHbI 2KHJIbI MOHOMMHEPAJIbHBIX WH aYJIAPOBbIX STIMO- 
3uTOB. B cepHItHTH3HpOBaHHbIX H OKBapILOBaHHbIX NMOpOax OKOJIO KBapILeBbIx 
XKHJI MOCTOAHHO BCTpeuaIOTCA MpOMRUJIKH CePpHUHTAa, KaJIbIMTAa, XJIOPHTa, aly- 
apa, aubOuTa, Komueqanos. Bce stu cayuyaw MOryT paCCMaTpHBaTbCA KaK 
IIPHMepbI KHCJIOTHO-IMeJIOUHOH THApPOTepMaJIbHOH Auddpepenunalnn. 

XapakTepHoO, TO BbINeauHBaHHe WM OCaxKJeHHe, KaK MOKHO CYJMTb M10 
MHMHepaJIOrMueCKHM TIPH3HakaM, MpPOMCXOAMMH B OH3KUX TeMMepaTyPHbIxX YC- 
JIOBHAX, T. €. He ObIIM pa3s0pBaHbl BO BpeMeHH. JlelcTBUTebHO, B XKUMIKAaX 
ocaxklaioTca OOBIUHO Te X%Ke MHHEPaJIbl, YUTO COXPaHAIOTCA B OOKOBHIX NOpoOsax 
KaK PeCJIMKTHI OT BbUNeIauMBaHHA. Tak, HallpHMep, cpeqH aHasly3HTOBBIX 
BTOPHUHbIX KBaPpWHTOB BCTpeualoTCA KOPYHO-aHaJly3HTOBbIe XHJIbI, Tora 
Kak Oovlee HH3KOTeEMMepaTYPHbIe KAOJIHHHTOBbIe XKUJIbI MPHyPOUeHbI K KaOJIM- 
HHTOBBIM 2K€ BTOPHUHBIM KBaplutamM. M3 HaOmodeHul Takoro poOjla 3aKsIOUaeM, 
UTO OCaKMeHHe, KAK MPaBHJIO, HEMOCPeACTBEHHO CJIEOBAaJIO 3a BbINLeaYHBaHHeM 
Kak HeOOxofMMOe 3BeHO OHOrO MH TOrO x%XKe Mpoecca. OTUM He UCKsIOUAeTCH, 
KOHCYHO, BO3MOXKHOCTb HaJIOXKECHHA Pe3KO PaSHOBPeCMEHHHIX WIM Jake rene- 
THUCCKH He CBA3AHHBIX MpOWeccOB MHHEepaHsallun. 

BuarolapaA mpokeccaM KHCJIOTHO-IeNOUHON Audpepenunalun paccesHHbIe © 
B BbII@a4HBaeMbIX TOPHbIX MOpokaxX PYHbI€e KOMMOHEHTbI MOFYT CJLYXKHTD | 
MCTOUHHKOM VIX OOpas0BaHHA PYAHbIX Ku. Tako HCTOUHHK B OCOOeHHOCTH 
OUeBHJCH B OTHOWICHHH TIMHOSeMa KOPYHAO-aHasy3HTOBbIX HU APYrux BbICOKO- | 
TIMHOSCMHCTHIX XKHI HW *Kese3a KOUeCAAHHDIX 3aJleKelH CpeAH BTOPHUHIX | 
KBapwMToB. BnowHe BepOATeH TaKOM %Ke HCTOUHNK JIA MeM HEKOTOPBIX MeJHO- 
PYAHBIX XK, OOHAPy2XKUBAIONIMX MPHYPOUCHHOCTS K TOJIMLAM OCHOBHBIX aipdpy- 
3MBOB. Tako HCTOUHHK BOSMOXKEH H JWIA HEKOTOPLIX APyrHX MeTaJIJIOB PyMHbIX 
KU, TOra Kak HEKOTOPbIe MeTAJIJIbI (HANPHMep, OJIOBO, BOJbipam) Hecom- 
He€HHO HMMeCIOT MarMaTOreHHOe MpoOMCcxormK enue. 

IIpeqcraBsieHHA O KOHICHTPaluN B PYMHbIX XKUIaX KOMMOHCHTOB GOOKOBBIX 
NOpO, KaK H3BECTHO, NOBOMMINCh NO KpaHHOCTH CTapHHHOM saTepab-CeKpe- | 
IMOHHOK PHMOTe3OH, KOTOPaA, OMHAKO, He JlaBala YAOBMETBOPUTeIbHOrO OOBAC- | 
HeHHA MPHYHH STOH KOHWeHTpalHH. IIpeqnaraemaa runoTesa KHCJIOTHO-ILe0U- | 
HOH updepentualun, Maiowai Takoe OObxACHeHHe, MpPHMeHHMa, KOHeUHO, | 
TOJbKO MPH HaJIHYHH BMEMLaIOMIMxX WIM MOMWexKalNX NMOpod, mperepnesumx. 
BbIMLeaYHBaHHe, T. €. MeTAaCOMaTHYeCKH M3MCHCHHBIX. 

YcNOBHA KHCJOTHO-INeOUHOH uddepenunalnn OKI OlarompusarTcr- | 
BOBaTb KOHILCHTPHPOBAHHOMY OTJIOXKCHHIO TaKXKe H MAPMAaTOFeHHBIX PY/HbIX; 
KOMNIOHeHTOB. IIpuH yxoyle KHCMOTHBIX KOMMOHEHTOB pacTBOpbI cranoparcal 
CHJIbHO M€peCbIleCHHbIMH OCHOBaHHAMH, BbILeJIOUCHHBIMH H3 OOKOBBIX NMOpo}, 
B CTaMio Bospacratomen KucTOTHOCTH. Tlepecnimenue pacTBOpoB CHWIbHBIMH| 
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OCHOBAaHHAMH OOKOBbIX OPO OJKHO GularOMPHATCTBOBaTb OCAaxKIeHHIO B 
TpeltMHax Ooslee claObIX OCHOBaHHi, B TOM 4HCyIe MarMaTOreHHBIX pyJHbIx 
KOMIOHEHTOB, JarKe CCJIM MepBOHauaIbHO, JO MOBBILICHHA KUCJIOTHOCTH, pac- 
TBOP He ObIJI MMM HaCHbILILeH. 

Ecam MOTOK BOCXOJAIHX PaCTBOPOB C MpoOxofsAlkeH MO HeMy onepexarollel 
BOJIHOH KHCJIOTHBIX KOMNOHEHTOB MepeceKaeT MOpOJbl pa3JIMYHOM OCHOBHOCTH, 
TO XapakTep H3Me€HCHHA Pa3sHbIX MOpo, OyseT pesko pa3smHueH. B cpepe ocHos- 
HbIX NOpOJ, BOSpacTaHHe KHCJIOTHOCTH OyeT 3ajepxKHBaTbCA pacTBOpeHHeM 
CHJIbHBIX OCHOBaHHH nopogpl. Ilostomy KucIOTHOCTh 3f[eCb He CMOX%KeT NOJHATL- 
CH JO CTeMeHH, JOCTaTOYHOH JIA pacTBOPeHHA TaKUX CJaObIxX OCHOBaHHH, Kak 
*eJIe30 H TIHHOseM. KucsorHo - men0uHad udipepenttvattua 3yecb npHBexet 
TOJIbKO K Ne€PpeOTJIOXReHHIO YaCTH WeIOUHbIX 3e€MeJIb H mesouel, T. e. MeTa- 
coMaTos OyjjeT yMepeHHbIM. B cuJly HHepTHOCTH aJIIOMMHNA HM 2KeNIe3a CTPyKTY- 
PbI NOpoO B OCHOBHOM coxpaHatcs. IIpH BeTyneHHH TOM Ke BOJIHbI KHCJIOT- 
HbIX KOMNOHEHTOB B Cpefly KPCMHEKHCVJIbIX MOPOs| KHCJIOTHOCTb paCTBOPOB CMOXeT 
JOCTHrHYTb Oolee BbICOKOrO YPpOBHA, MPH KOTOPOM CTaHyT BbIIILeayMBaTbcs 
*Kee3O, aJOMHHHH WH THTAH MOposbI C NOCMeWyIOUIMM KOHILeHTPHpOBaHHeM Ux 
OTJIOMKEHHEM B IIPOKHIKAX, T. €. MPOH3OHeT BeCbMa HHTeHCHBHbII MeTaCOMaTO3 
MOpOMbI, C MOJHbIM YHHYTOXKEeHHEM MePBHYHbIX CTPYKTYP (THNMYHO JIMMIb COXpa- 
HeHHEe BKPallJICHHHKOB KBapita). TakHM 0Opa30M MOXKHO OObACHHTb MHOFO3Taxk- 
HOCTbh OpyJ@HeHHA HM MeTaCOMAaTO3a B HEKOTOPbIX KOJIUCaHHbIX MeCTOPOXxKJe- 
HHAX CpeM BYyJIKAHOTeHHbIX TOJII, H MPpHypOYeHHOCTb BTOPHUHbIX KBapPILHTOB 
C KOJIU€aHHbIMH 3aJleKaMH K TOJIULAM KPCMHEKHCJIBIX MOPOA (HCXOMHOTO KBAapIt- 
KepaTodupoBoro cocTaBa), TOra KaK BMEeILaIOllHe HW paseMAOULHe HX BYJIKaHO- 
PeHHbIe MOpPOAbI Oolee OCHOBHOFO COCTaBa OOHAPYKHBAIOT TOJIbKO YMEPeCHHOe Me- 
TaCOMATHYeCKOe H3MeHEHHE. 

TuypotepMaJibHad KHCJIOTHO-1eOUHAA MudpepeHuualuA MBICMMa JIMLUb 
IIpH yCJIOBHH TeCYeHHA paCTBOPOB, TaK UTO B MOTOKe BOCXOJAMIMX PaCTBOPOB 
OcaxK]eHve OCHOBaHHH MPOHCXOJMT BBIIMe TEX YYaCTKOB MOPOMb, U3 KOTOPbIXx 
J[aHHbIe OCHOBaHHA ObIIM BbIN[eETOUeHbI. [losToMy BaJIOBOM COCTaB MOPObI B OM- 
peWeJIeHHOM CeYeCHHH MOTOKa PpaCTBOPOB B Ppe3yJIbTaTe MPOXOKACHHA BOJIHI 
KHCJIOTHOCTH MOxKeT H3MeHHTbCH. BpiujetauynBaHne OyjeT HanOojlee HHTCHCHB- 
HbIM B HHXKHHX 30HAX MOTOKA, B KOTOPbIX B CBA3H C MpoleccaMH KOHJeHCallun 
WH HaXKPHTHYeCKOrO YMJIOTHEHHA paCTBOPOB MpOHCXOAHT HaHnOowlee pesKoe 
TOBbILCHHe KHCJIOTHOCTH, Tora Kak mocleqyrouree OcaxKeHHe OCHOBaHHH 
OyMeT 3feCb He3HAYHTeJIbHbIM, MOCKOJIbKY OHO OyeT MpOH3SBOAMTbCA NOCcTy- 
MatouluMH CHH3Y paCTBOpaMH, He JOCTHTaBLIMMU CTOJIb BbICOKOM KUCJIOTHOCTH 
HM MOTOMY PpaCTBOPHBUIMMM MeHbIIece KOJIMYeCTBO OCHOBaHHH. B BepxXHHX 30HAaX 
MOTOKA BOCXOJAULUX PaCTBOPOB, B KOTOPbIX MPOHCXOAUT pacceAHHe KUCJIOTHBIX 
KOMMOHEHTOB BCJIECTBHe HX MOPIOULCHHA OOKOBbIMM MOpOaMH HW BxXO*KeHHA 
B COCTAB OCaKalOlulMXCH MHHepaJiOB, OCaKeHHe OCHOBAHHH JOxKHO mpeod- 
WaaTb Hal BbINeayHBaHHeM MOpO. OTHM OUKHAa CO3LaBaTbCA BeEPTHKaJL- 
Had 3OHAJIbHOCTbh MOCJeMarMaTHYeCKOrO H3MeHeHHA HW OpyeneHun. Mmenno, 
HauHHad OT MArMaTHYeCKOFO HCTOUHNKA MOCeEMarMaTHYeCKHX PaCTBOPOB KBepxy 
CTeMe€Hb BbILMeTaIHBaHHA OJKHa BO3PaCTaTb JO MaKCHMAaJIbHOM HM 3aTe€M YMCHb- 
iaTbcA. OCHOBHOCTb X%Ke X%KHJIbHbIX OCAKOB, H B YaCTHOCTH Py, HadYHHaA OT 
30HbI M@KCHM@JIbHOFO BbIMeIaYHBaHHA KBepXy JOJOKHa MOBbILIATbCA. Kak 
B KaKJOM JaHHOM CeuYeCHHH MOTOKA paCTBOPOB, Tak H C yaJIeHHeM OT MarMaTH- 
yeCKOrO HCTOUHHKA PaCTBOPOB PyAHbIe MHHEePaJbI LOJKHbI OTaraTbCA B M0- 
pAyKe BOSpacTarouleH OCHOBHOCTH. | 

B MecTropoxeHHAX, CBASAHHBIX C PpaHHTOHAaMH, 30Ha MaKCHMAJIbHOLO BBI- 
UleauMBaHHA ObiBaeT MPpHypOueHa K KOHTAKTOBbIM 30HAM CBOJOBbIX 4acTeli 
MaCCHBa, KaK 9TO THIMYHO AIA PpeH3eHOBbIX MecTOpOx Lenni. Takoe 2Ke pacmo- 
JIOKEHHE THMHYHO JIA HEKOTOPbIX MCAHbIX H MeJ{HO-MOJIMOECHOBLIX M€CTOPOX- 
qeuuli, KOTOpble MOryT ObITb OTHECEHbI K THY BTOPHUHIX KBapILHTOB. OAHaKoO 
B JIPyrHX MeCTOPOX*KAeCHHAX THA BTOPHUABIX KBapI[MTOB, H B YaCTHOCTH B KOJI- 
yeaHHbIX MecTOpoxKeHuAxX Ypasla, 30Ha MAKCHMAJIbHOFO BbIIeIaIHBaHHA MO- 
*KeT ObITb 3HAYHTeNbHO OTOPBaHa OT KOHTAKTOB aKTHBHbIX MarMaTH¥eCKHX 
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Teyl, KOTOPbIe B peesax MeCTOPOx*KeHHA MOLT He NpoABATbCA. Takoe pa3- 
JIMuMe B MPOABJICHHH BbILeayHBaHHA B CBA3H C TpaHHTOMAHbIMA MaCCHBaMKH, 
C OMHOM CTOPOHbI, HM C BYJIKaHOreHHbIMM TOMAaMH —C Apyrou, mpexye BCero 
CulelyeT NOCTABHTb B CBA3b CO 3HAYHTEJIbHOM OCTATOUHOM MPOrpeTOcThio BYyJIKa- 
HHYCCKUX TOJU, BO BpeMaA CPOPMHPOBaHHA BTOPHYHHIX KBaPIHTOB, a Take, 
BepOATHO, C MeHbIUeH rryOMHOM OOpasoBaHHA MOCIeAHHX. 

TakuM 06pa30M KHCJIOTHO-INeOUHaA THApoTepMasbHad Mudepenwuana, 
BbISbIBACMAA ONeperxKalouleH BOJIHOH KMCJIOTHBIX KOMIMOHEHTOB, MIPpHBOAHT kK mepe- 
pacmpeeseHHI0 BeNLeCTBa He TOJIbKO B Wpeesax MasIbIX OObeEMOB KaxKAOH MO0- 
DOMbl, HO TAKE HU B Mpesemax BCerO OpeOsa BOSAeEHCTBUA MOCJeMarMaTHYeCK HX 
paCTBOPoB. 

CnehyeT, KOHCYHO, HMeTb B BUY, UTO PHMOTE3a BOJIHbI KHCJIOTHOCTH, Jato- 
11a HOBOe OCBeILeHHe PALY TPyAHbIX mpoOsemM TreHe3suca PyAHbIX MeCTOPO*K]e- 
HHH, TpeOyer elle OOOCHOBAaHHA CHellHaJIbHbIMH IKCHEPHMCHTAJIbHbIMH, TeOpe- 
THYCCKHMH HM TeOJIOrHyYeCKHMH UCCJIEOBaHHAMH. 


VMuctutTyT reomoruvH pyHbIX MecTOpoxKAeHuH, Ilocrynuso 
neTporpaduu, MHHepavIOorHu H reoxHMHH 21 VI 1958 
Akaylemun HaykK CCCP 
UMTHPOBAHHASA JIMTEPATYPA 
1. Cc. KopxuHCKHK, Hsp. AH CCCP, cep. reon., Ne 12 (1957). 
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JHoraagn Akagemun nayx CCCP 
1958. Tom 122, Ne 2 


BHOXHMH fl 


B. B. ONMEJIb u T. Tf. CEPEBPEHHKOBA 


CTPYKTYPHbBIE BEJIKH FJIAQKOW MbILLLbI 
(ITpedcmaéaeno axademuxom JI. A. Op6eau 28 IV 1958) 


B To Bpemsl Kak OeKH CoMaTHYeCKHX (NOMepedYHONMOOCATHIX) MBI, BbICLIHX 
MOSBOHOUHBIX 2KHBOTHBIX NOJBeprasIHCb 3a MOCJIeqHee BPeMA BeCbMa MOpoo- 
HOMY H3y4eHHIO, OeIKH TlaKHX MbBIIUI, OCOOCHHO MbIINIL Key OUHO-KHUIeU- 
HOO TpaKTa, HCCJIENOBaIMCb elle COBepuieHHO HeocraTouHO. He peweHHbim 
OCTAaeTCH MaxKe BOMPOC O TOM, ABJACTCA JIM COKPATHTeJIbHbIM OesKOBBI KOM- 
MJIeKC PlaqKOM MbILIMbI HACHTHYHbIM AKTOMHO3HHOBOMY KOMIIJIeKCY COMaTHue- 
CKOH MbUMILbI. YrBepxZeHve CuenimaH u Tenos (1) 0 pa3mMunH STHX KOMIIe- 
KCOB B Cjlyuae OCIKOB PlaKOM MBIMIUbI MaTKM HE MOyUMO NOKa ele MOATBep- 
KCHHA, XOTA MOJIHOCTbIO HM He OMpOBeprHyTo. 

B HaCTOALIeM COOOILEHHH MBI MPHBOAMM MepBble pe3ysbTATHI Haleli padort, 
NOCBAL[ECHHOH MapaJJiesIbHOMY H3Y4YCHHIO CTPYKTYPHbIX (COKPaTHTebHBIX) Oeu- 
KOB XKeJlyIKa WH OCIKOB COMATHUCCKOM MbIILILbI Gepa coOaKu. 

PaOora 9Ta nNposomxKaeT UCCIeqOBaHHA, HayaTHIe OHM U3 Hac (B. B. On- 
neb) B 1941 r. H npepBaHHble MO He3aBUCALMM OT aBTOPa OOCTOATEbCTBaM. 
Torya mpousBolMsocb uccjleqoBaHue CTpyKTypHoro OemKa («MMO3HHAa»), J1O- 
ObIBaBLUerOcA H3 CepeyHOH, riaqKoH wu ComaTHyecKOl Mb, OprKa. Bpiio 06- 
Hapy2XeHO, YTO «MHO3HH» PvlaqKOM MbILIUbI %KeyIKa OTMMVAeTCA OT JBYX Apy- 
PMX «MHO3HHOB» OOJIbUIMM COJ\ep2xKaHHeM CBA3AHHbIX C OeIKOM Oe3a30THCTHIX 
BEILCCTB, MCHbINeH TeEHeHWHeH K OOpas0BaHHIo reA, SHAYHTEJIbHO MeHEEe BbIpPa- 
%KCHHOH aHOMasIMeli BASKOCTH M MeHbUeli BeIMYMHOH BASKOCTH (TY, = 0,5 y 


«MHO3HHa» TlaqKOH MbILIIbI, 74), = 1,0 y ocTambHbIx AByXx, MpH HCCIeAOBaHuA 


0,54% pactBopa 6enmKka B 0,1 N HC)). 

B Hactoamel pa6ore Hcnomb30BaIMCb KPHBbIe BbICAIHBaHHA OeKOB, H3BVIe- 
YeHHBIX 3 riaKAX (2KeyIOK) HM comaTHyecKUXx (6eqpo) mbm coOaKu. Bpica- 
MBaHHe mpoBosunocb (NH,),SO, no npnuuuny Jleppben, Kak TO OblIO BnepBble 
onucaHo Cuewiman u Tenos (!) npu u3y4enuu GenkoB mbIUMaTKH. Ilo pa3- 
HOCTH 9KCTHHKIMU, OnpeeABlWelca CNeKTpC(OTOMeTPHYeCKH, YyCTaHaBJIH- 
BaJlOCb BbICAIMBaHHe OeIKOB, MpH4eM pe3yJIbTAaTbl TpacHyecKH BbIpaKaJIWCh 


B pure > (S — BeIMUHHa ZKCTHHKUMH, C — Konuentpatua] (NH,),SO, B 


mpouenTax kK nomHOMy Hacbumenuio). Tlomyyanucb KpuBpie (cM. pyc. 1) C MHO- 
MMM MWKaMW, KaxK bili U3 KOTOPbIX COOTBETCTBOBAJ BbICAaJIMBaHHIO KaKOrO-TO 
6enka. VnrencuBuocrb syyenorolleHua H38Mepasiach mp 278 my. Jletanu Tex- 
HHKH OMWCaHbl y WIBeCKHX aBTOPOB (!%). ‘| 

Mp He paccuHTbIBaIH KOJIMUeCTBEHHOe COfep%kaHve OTJEIbHBIX (pakIMH 
6eKOB MO pasmepy mollazeli noX nuKaMH, HOO yJebHOe NOrmoulenue pasJH4- 
HBIX CTPYKTYPHBIX OeKOB MbILUI, pasiH4HO (*). K Tomy Ke nepBble NUK KOJH- 
YeCTBEHHO TpyHO OMpeeMMbI W3-3a HaIHYMA MYTH B, pacTBOpax 6eKOB, HC- 
yegalolleH mocie BbICaIMBaHHA NepBol dpakuHn. 

[po6vomy BbicaiHBaHuio mo_Bepramuch 9KcTpakTH! (0,5 M KCl] + 0,01 
M KH,PO,+ 0,02 M Na,HPO,, pH 7,0—7,1) u3 u3smenbuenHbIx uM Tomore- 
HH3HPOBaHHEIX MDI 6epa HW KeyAKa. Bee mpolleAypbl 10 H3MeJ bYeHHIO MbILIT 
W H3BeUeHHIO H3 HUX OeIKOB MpOBOAWINCh MpH Temmepatype, OM3KOH K OM 

ita 


Tlepey BbICaIMBaHHeM paCTBOpbl U3BJIeYCHHBIX U3 MbIL OeKOB NOMBeprasHCb 
quiuTebHOMy WMau3y mpx O° npoTHB TaKoro xe pacTBopa KCl ++ docat 1A 
yaneHud W3 IKCTPaKTOB HU3KOMOJICKYJIAPHIX NPHMeceH. ‘ 

Bcero npumensocb 28—29 pacrBopoB (NH,).SO, pa3iM4HOH KOHIeHTpa- 
WMH, MOKpbIBaBuIMx 30Hy OT 10 no 70% HacbiileHHa pacTBopa. : 

Bpyio moctaBieHo 13 ombiITOB MO BbICaIMBaHMIO OeIKOB H3 COJIEBbIX H3BJIe- 
uenuil COMaTHUCCKHX MBI H 15 —w3 SKCTPaKTOB MBI %wKeryaKa. Ha puc. | 
MpHBOAATCA MpHMepbl KpHBEIX (10 2 AA KarwKoro Tuma MBI), MOJlyYeHHbIX 
(IpH MOBTOPHBIX OMbITaX C BbICaIMBaHHeM TOrO We SKCTPaKTa. OTH KPHBBIe, 
B OOWeM HalaralollMeca pyr Ha Apyra, roBOpaAT O XOpollleH BOCMpOHsBO]H- 
MOCTH pe3YJIbTAaTOB. 


a REL ORE AAO NG he ET PROG) 40 JO GO 0% 
oe 2 Ci 


Puc. 1. Kpnssie pbicaiuBpaHiaA Oe€IKOB M3 9KCTPaKTOB Momepeuronosocaton (A) 
HW ruiagxou (6) Mpmy 


Bek Tuma muoreHa H, Tem Ooulee, THA MHOaIbOyYMHHAaA Mp MPpHMeHAeMBIX 
KOHUeHTpaluax (NH,).SO, ocratorcd HeBbICOJICHHbIMH. 

Xapaktepu3yx (bpakuHu CTpyKTypHbIxX OemKOB (cM. TaOu. 1) comaTH4ecKUXx 
MbILIIL, MBI TpeskKje Bcero JOJPKHbI OTMETHTb OYCHb BbICOKMt MHMK | BBICaJIN- 
BaHMA, HMelolulMi MakcuMyM mpH 30% HacbmmeHua (NH,4),SO4. Stor nHK HaOJtO- 
Jlasica BO Bcex ombiTax. Ilo cBoeH BeM4UHHE OH HAMHOFO MpeBOCXOAM BCe OCTAIb- 
Hble MHKH. OTOT MHK COOTBETCTByeT MHKY AKTOMHO3HHA, JIA KOTOpOrO JaeTca 
BbICaIMBalollad KOHIeHTpalua B 28—32% ('). B Haliiux ycnoBHAX, KOFJa MbI- 
WleuHad Kalla MW MpuroTOBJIeHHbIit H3 Hee TOMOreHaT JWIMTeIbHO (Jo 48 yac.) 
H3BIeKaIMCb COJICBBIM PaCTBOPOM, YCJIOBHA iA OOpa3s0BaHuA UH M3BIeVeHHA 
M3 MbIUII, HMCHHO AKTOMHO3HHA ObLIM ONTHMaIbHbIMH. 

IIpounx mHKOB OKa3as0cb cemb. Hexoropple 43 HHX NOABJIAIMCb perysAPHO 
(nuku 4 u 6). J[pyrue oOHapy2xKuBalucb Ha KPHBbIX BbICaJIHBaHHA TOJIbKO B 
HEKOTOPHIX OMmbITax (MHK 5). OcTasbHble NOABIAINCb B OObUIMHCTBE OMbITOB 
(2, 3, 7 w 8). Iluxu 2 u 3 coorBercTBYIOT 30HE BbICAIHMBaHHA MHO3HHA, JleKatlen 
mMexyly 33—45% Hacpiijenua (1). [lo qannpim Apyrux apropos (°), 30Ha BbICaJIH- 
BaHHA YHCTOFO MHO3HHa JexKUT MexKLyY 26—33% HacbIIleHHaA, TAK TO JIMUIb 
nuk 2 ABsIAseTCA MHO3HHOM, a muK 3 (40—44% HacpilleHua) Mor Obl COOoTBeT- 
CTBOBaTb MepomuosnHHy-H, c 30HOH BbICamMBaHHua 33—46% Hacbiulenua (°), 
ec Obl CAMOCTOATEbHOE CYMIECTBOBAHWe STOTO OCKOIKa MOJIEKYJIbl MHO3HHAa 
O6buI0 WOKa3aHo. 

CoBepleHHO He ACHO, C KAKHM O€IKOM MOXKHO OTOKACCTBUTh NHK BbICAaIH- 
BaHuA mp 46—49% wacpijeHuA (NH,).SO, (muk 4). A Mexkly Tem 3TO BecbMa 
XapaKTepHbIM HM MOCTOAHHO BCTpeualouiuiica MMK. CHenmManH uw Tenos (') Haun 
ero Mp HCCeEOBaHHH OeIKOB MaTKH HW Ha3Basl «CBASbIBaIOLLUM CociaT Ge KOM». 
Ho o Hammunu TaKoro GeKa B COMaTHYeCKOM MyCKyaType HHYero He H3BeCTHO. 
AT2 


Ta6Omuna 1 


Bstcota mukos (— xt) Tipu po6uom BbICaJIMBaHHH OG JIKOBBIX SKCTPpaKTOB COMaTHYCCKHX 
W vlaqKUX MbILIT 


BpicatuBatolujad KOHUeHTpanHa (NH,)2SO,, B % 


onl a lec Stele dense dict oh SN Welch 21 ees & 
| tt | | ] | | | | 
Supe | = | to oe | S| Saletakee heehee West 
OKCTPaKT 43 COMATHYeCKOH MBWOM 
Homep muka — — 1 —| 2 3 4 i) 6; —| 7 8 
Uncio onbiros (u3 
13), B KOTOpBIx 
Cena pReH NHK — — 13 — | 414 9 13 4 D2 SSH 9 
— aE) (cpemuee 
u3 13 ombiTos) _ — — |0,163*| — |0,027|0,027/0,022/0,020|0,027) — |0,025/0,020 


QKCTpPaKT H3 raagqkow MEWUH 


Homep nuxa a 6 dea 2 3 4 by) —| 6a; —] 8 
Uycio OnbITOB (H3 
15), B KOTOpBIX 
ORR Aes TMK ilpsye [sie a il 8 Se alae yh ap —]} 12] —} 11 
~xc) (cpemHee 


u3 15 omnbiTos) 0,112*/0,033]0,022 |0,019|0,028)0,023/0,017)0,018) — |0,017/ — |0,017 


* PacTBOp MyTeH. 


Tponomuo3suH (55—64% wHacbiillenua) (') mpeycraBieH B HalllMx onbirax 
AByMA mHKamu (mHKH 6 u 7), NOCTOAHHO BCTpedalOUMMHCA B OJHOM HM TOM Ke 
OMbITe, ONMH pom c Apyrum. OueBuHO, TPOMOMHMO3HH B 9KCTPaKTaX 3 COMa- 
THYCCKHX Mb He ABJIAeTCA TOMOreHHBIM. [luk 8 aBaneTCH, BHMMO, HyKJeo- 
TpomomuosnHom (64—70% HacpilleHua) (*). 

O6pailaacb K 9KCTpaKTaM M3 [ylaKHX MbIM *KewyiKa, OOHapy2XuBaem 
Oombllee YWCIO MHKOB BbICaIMBaHHA OenKkoB (10). BemKu HauMHaloT BbINayaTb 
mp KoHWeHTpanuax (NH,).SO,, mp KOTOpbIX HMKakKOro BbICa/IMBaHHA B 9KC- 
TpakTax COMATHYeCKHX MBI, He mpoucxogur. Tux a BbimaqaeT mpH BbICamH- 
BatollleH KOHUeHTpalun comm 14—20% wHacblilleHHa. OTO HauOowee BEICOKHH 
M3 Bcex muKOB. OdnapyxKeH OH B 13 3 15 onbiTos. [Tuk 6, OOnIluHO 3HadHTesIbHO 
Oonee Hu3KHH, BEIMafaeT mpH 22—27% wHacbieHua. OH HaOsmoganca B 12 
u3 15 ombiros. 

Tiuxu 1, 2, 3, 4, 5 u 8 ZOBONbHO XOpOWIO CoBNaaioT Ha MIpoTeHHorpaMMax 
OOOHX THIIOB MBILMeYHEIX IKCTPaKTOB. SIBIAIOTCA JIM B OOOMX CIy4aAx MeHTHG- 
HBIMM OeIKH, BbICaIMBalOlMecd pH OMHAKOBOH KOHLeHTpawunH (NH,).SO,, 
CKa3aTb 63 JOMOMHUTeIbHbIX MCCJIeMOBaHHH HeJIb3A. 

B 30He BbICaIMBaHHA TPOMOMHO3HHA COeBOe HSBIIeYeHHe H3 COMaTHYeCKHX 
MDILUL, JlaeT [Ba uHKa (647), BTO BpeMa Kak 9KCTPaKT H3TaLKOM MBI OOHa- 
py2KuBaer JIMIIb OAMH mK (6a), C MpOMexXyTOUHOM BbICAIMBalolel KOHWeHTpa- 
mueli (NH,).SO,. Ulpeacrapaaer unrepec, ecTb IM 9TO HOBOe BbIPAKeHHe pas- 
MUM B TPOMOMMO3SHHaX COMATHYeCKOM HM TylaqKOM MBI, O KOTOPbIX TOBOpUT 
autepatypa (°,’). : 

Beraer BoMpoc 0 NpHpoe NUKOB, BCTPeVaIOWIMXCA B ONbITAX CTviaKOH MBILI- 
eli HW OTCYTCTBYIOINMX B OMbITax c comaTuyeckoH. [luk 2a, BUAUMO, HeIb3q CuH- 
TaTb BbIPaxKeHHeM BbIMakeHHA CamocTosTebHOrO OenKa. JImutb B 3 onbITax OH 
cyulecrByer pom c muKkom 3. Bo Bcex OCTaIbHbIX OMbITAaX OH HaOmoaercs TOr- 
qa, korfa muKk 8 orcytcrByer. BymsocTb BbICaMBaloleHd KOHWeHTpallun 


27: 
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(NH,),SO, (nuk 2a — 33—35%, nuk 3—36—38%) RemaeT BepOATHBIM, UTO MBI 
yuMeeM Jeo Cc OHHM Oe KOM. 

Ocraiorca nuku an 6. IIux a coorsetcrsyer 30He BbICaIHBaHia aKTuHa. Ha 
3TOM OCHOBaHHH AMOHCKHe aBTOpbl, TO*Ke HalllesuNe ero B COKPaTHTeJIbHOM 
KOMIWIeKCe G@JIKOB MBI MHUeBOa CBHHbH, OTOMKMECTBIAIOT STOT MHK C NHKOM 
axtuua (8). 9TuM Kak OyATO Obl noATBepxZaeTca OOHapyxkeHHad HM. HM. VBano- 
ppm u E. I. Kucenesoii (?) cnocoOHoctTbh 9KCTpakTa W3 TyiafKHX MBI pearu- 
POBaTb C KPHCTasWIMYeCKHM MHO3HHOM, NOJIYYeHHBIM 43 COMATHYECKOM MbILIUBI, 
ylaBad C HHM aKkTOMHO3HH. 

Tux 6, ycrynatoumii nuky a mo BeMUHHeE NaweHHa MyYeNOrIOWleHHA Npw 
BbICAIMBaHHH, yxKe, Ce3yCIOBHO, He ABJAeTCA aKTHHOM. Ho OH HepeXKO MIOXO 
OTMeIAeTCA OT MHKa a, aBad JONOMHUTeIbHbIN NONbeM Ha KPMBOH Mocse NMKa a. 

Vintepecuo OTMeTHTb HasMuHe Ha KPHBOM M3 TiaKOM MbILLUIUbI WHKa BbICaIH- 
BaHHa npH 29—32% nacbiieHHa (NH,),SO,. On coorBercTByeT NHKy aKTOMHO- 
3HHa COMATHUeCCKOM MbIIIIIbI. STO emaeT Ooee BEPOATHbIM HEOMHOKPaTHO BBbI- 
CKaSbIBaBleecn mpeAnoo*KeHHe O HAIMYHH B rylaqKOH MbIllle aKTOMHO3HHAa, 
XOTA H B 3HAUHTebHO MeHbINeH KOHUeHTpalluH, vem B ComaTHuecKon. M1 Jel- 
CTBHT@IbHO, B TO Bp€MA KaK H3MCHCHHA SKCTHHKIMH PH H3MCHEHHH KOHICH- 
tpauuu (NH,),.SO, y 9Toro nuKa paBHaeTca Jin comaTHueckol mbluubI 0,16 
(cpeqHAS BeMUMHa), B 9KCTPakTe 43 MbIUMUbI KeyIKa OHO paBHO JIMUb 0,0233. 

BesyclOBHO, OKOHYATEIbHOe cyKeHHe O XapakTepe OeNKOB, BbICaIHBal0- 
WMXCA H3 CONeBOrO HSBIeVeHHA TiaQKUX MBI, H AX HJeHTHpUKaluA Cc Oen- 
KaMH, BbIJe@JICHHbIMH VH3 COMATHYeCCKHX MBI, HE MOXKET JelaTbCA TOIbKO Ha 
OCHOBaHHH OJHOrO NpH3HaKa — BbICaIMBaeMOCTH Mp ONpeeyeHHOM MpolenTe 
HacblieHua (NH,),SO,. Hy2kHpi u Apyrue kputepun. Ho oOmlyto xapakTepHcTH- 
Ky Oe€IKOBbIX 9KCTPaKTOB MBI KPHBble BbICaIMBaHMA ator. 

BuBpogu. 1. I]pa nomomu yzpo6uoro BEicamuBanua (NH,).SO, coneBbix 
9KCTPaKTOB COMATHY4eCKHX H PyiaKHX MbIUM COOakH ylaeTCA NOJIYYHTb KPHBBIe, 
pa3iMuaioulveca Mexkyly coool. 

2. ComaTuyueckHe MBILUUbI JaioT 8 MHKOB, H3 KOTOPbIX OCOO€HHO BbICOK NHK 
aKTOMHO3HHa (nHK 1). 

3. Tnaqkne mpnuupl qaior 9—10 nuxos. Han6onbuteH BbICOTb! JOCTHraloT 
IIMKH a HM 6, KOTOpble He HMeIOT CeOe MOJOOHKIX B KPHBbIX COMATHYeCCKHX MBILIIL. 


O6pa3yrouve UX OenKH BbINAaZaloT IPH MeHbIWeH KOHWeHTpalun (16 u 25% Hacbl- 
IeHHa). 


VucTutTyT 3BOJIOWHOHHOH (bu3sHOoruH = uM. V1. M. Ceuenopa Tloctynuso 
AxkajlemMHH HayK CCCP, 17 VI 1958 
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BHOXHMHA 


H. M. TOJIAKOBA u K. C. KABAK 


Ob AJIBBYMHHE NEPH®EPHYECKUX HEPBOB 


(ITpedcmaeneno axademuxom A. B. Ilannadunoim 5 V 1958) 


Hccnenys MeToyom sektTpodopesa Ha Oymare GesKH pa3JIM4HbIX OTEJIOB HEpB- 
HOM CHCTeMbI, MbI Halu (1), YTO MepHcepuueckHe HEPBbI HapsAy c GOenKamu, 
ABHTaIOlWlMMHCA B 3JIEKTPHYeECKOM_MOJIe CO CKOPOCTbIO, CBOMCTBEHHOM ro6ysH- 
HaM CbIBOPOTKH KPOBH, COJepKaT 3HAYHTEJIbHOe KOJMYECTBO OeKOB, OOsIaato- 
IHX 3JIEKTPOOopeTHyecKOH MOABHKHOCTbIO, CBOHCTBeEHHOH aJIbOYMHHY CBIBO- 
POTKH KPOBH, a Tak2Ke OCJIKH, JBHPaioulHeca IPH 91eKTpodopese k KaTOLy. OTUM 
NepH@epwyeckHe HEPBbI OTMMYAIOTCA OTTOMOBHOFO WH CNHHHOFO MO3ra, KOTOpHIe 
cojlepxKaT, TvlaBHbIM OOpa3soM, «<IVlOOYJIHHbm HU JIMWIb H€3HAYHTebHbIe KOJIN- 
YeCTBa «aJIbOYMHHOB» HW COBCeM He COfepxaT, OeKOB, JBHFalolluxcCA K KaTO- 
ny (). 

Tak KaK HepB Mp HCCeMOBaHNH TULaTebHO OTMeAICA’ OT OobMIeH YacTH 
KPOBCHOCHBIX COCYJOB H XOPOIO OTMBbIBaJICA (—PH3HOJIOTHYeCKHM PacTBOpOM, TO 
OOHapy2KeHHbI B COCTaBe OeJIKOB HEPpBa aJIbOYMHH HEJIb3A ObIJIO OTHECTH 3a CUeT 
aJIbOYMHHa CbIBOPpOTKH KPOBH. OAHaKO MOCKOJIbKY B HEPBe COepxKaTCA JIHM- 
cpaTuueckHe Cocybl, a B JuMdbe MMeeTCA’ abOYMHH, BO3HHK BOTpOc O TOM, He 
ABIAeTCA JH OOHAPy2KHBaeMbIi Ha S7eKTpodoperpamMe OeJIKOB HepBa ‘aibOy- 
MHH aJIbOyYMHHOM JIMM@bI, a He TKaHeH HepBa. 

UrTo6bl BbIACHHTb 39TO, MbI Mepey OOPaOoTKOH HepBa TULATeCJIbHO BbILaBJUBaIH 
43 HETO JIMM@py,H MOce 3aMOpaxKHBaHHA COCKaOIMBAaJIN STMMHEBPHH, yaJlasd BMecTe 
C HHM 3Ha¥HTeNbHOe KOMHYeCTBO JHMdaTHYecKuX cocyyoB. Iloce sToFo, noxZ- 
Beprad HepB QIeKTpodopesy Ha Oymare, MbIMO-mpexHeMy HaXOJWJIM TaKHe xe 
KOJIMUECTBA albOyMuHa. Takum OOpa30M, 3HaYHTeJIbHBIC KOJIMYECTBA aJIbBOyMUHa, 
OOHAPYXKUBAeMble MPH 3eKTPOPOpPeTHYeECKOM U3yYeHHH OeMKOB CeaMULHOrO 
HepBa, He ObIIM OOYCJIOBJIEHbI IPHCYTCTBHEMB HEPBHOM CTBOJIe CbIBOPOTKH KPOBU 
HH JIMM(pbI. 

[lockombKy HMerOULHeCH B JIHMTepaType WaHHble FOBOPAT O HaJIMYHH albOyMu- 
HOB B COCTaBe COeCJMHUTeIbHOH TKAHH, MOFJIO, BOSHHKHYTb MpeqnoloxKeHne 
O TOM, 4TO aJIbOYMHH HepBa IIPpHHalexKUT COCAHHHTCJIbHOTKaHHBIM OOOsIOU- 
KaM, a H€ HeEpBHbIM, BO.10KHaM. I]poBefseHHble HaMH SIeKTpO*opeTuyecKhe HCCJe- 
JIOBAHHA OeIKOB COCAMHUTEIbHOH TKAHH KOKH H CYXOKUIAU TakKe NOATBEPAMIH 
HayiMuve B MX COCTAaBe aJIbOyYMHHOB. 

Breuy 2TOrO HaMu Oblla paspaOoTaHa MeTOLMKA H3O0JIAIMM NY4YKOB HEPBHBIX 
BOJIOKOH OTf OKPYXKAlOWHX HX COCAMHHTEMbHOTKAHHDIX{ OOOIOYEK C TeIbIO SuIeK- 
TpocbopeTuueckoOroO W3yYeHHA PaCTBOPHMbIX OeKOB CaMHX HePBHbIX BOJIOKOH, 
a TaKKe OesIKOB! COCAMHUTEIbHOTKaHHEIX OOONOUeK. C sTOH! WebIO CeLaMULHEIe 
HEPBbI TOJbKO UTO YOUTOTO KPyMHOFO} poratToro; CKOTa AOCTAaBJAIMCb B Ma6opa- 
Topuio Ha bay. Kycok wepBa AuHHOK B 4 CM MOfBeprasicA OXJaxKLeHHIO 
pu Temnepatype 0° B reyeHne 2—3 uacos. SaTem ocTpoiH OpuTBOH OT Hero 
¢ o6eHX CTOPOH OTCeKaJIMCb yuacTKH AMHOK B O,5 cm. Ilocne merKoro caBuu- 
BaHHA HepBa MaJIbLuaMW MPH KOMHATHOM TemMepaType Ha MOBepXHOCTH pa3pe3oB 
OTUCTJIMBO BBICTYNaH XesTOBATOTO WBeTa MYYKH HEPBHBIX BOMOKOH. B arux 
YCIOBHAX OHH CpaBHHTeIbHO JIeErKO 3aXBaTHIBaIOTCA MaJIbIaMH M YMaJIAIOTCA 
M3 HepBHOrO cTBOvIa (puc. 1). 
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Tlocne yqaneHusa “3 Takoro KyckKa CefasMMHOrO HepBa ITy4KOB HEPBHbIXx 
BOJIOKOH KaxKIbIit H3 HUX MOfBeprasicaA THLATeIbHOM MpenapoBKe NOK OuHoKy- 
aapHol synoi MBC-1 c wembio yXaleHuaA OCTaTKOB COeCMHUTCIbHOH TKaHH 
nepHHespus. Bo Bpema mpenapoBKH UCCJeLyeMbI MaTepHadl HaXOMMJICA B WalllKe, 
oxlaKyeHHoH fo + 2—-+4°. 

Muxpockonwueckuit KOHTPOMb CTeMeHH M30AIMH MYYKOB HePBHBIX BOJIO- 
KOH OT COC(MHHTEIbHOM TKaHH MpOusBOAMICA CeqyiouM OOpasom: 

1) Bo Bcex cryuanx 3aMOpOxeHHbIe MIM MapaPUHOBbIe Cpesbl CeLasMILHOPO 
HepBa lO H mocme ylaseHuA M3 HefO My4KOB HEPBHEIX BOJIOKOH OKPalIMBaJIMCb 
reMaTOKCHJIMHOM-303HHOM H THKpoO@ykKCHHOM. 


A B 


Puc. 1. YuacroK nomepeunoro cpe3a ceqamuuHoro HepBa Jo (A) u nocae (6) yqanenua 43 Hero: 


MYYKOB HePBHHIX BOJOKOH. OxpacKa muKpotbykcuHoM. Muxkpodoto. PoroyctaHopka ®MH-2, 
OOm OK mS 


2) Ilonepeunbie Cpe3bl OTICIbHBIX H3OJIMPOBaHHbIX My4KOB He€PBHbIX BOJIO- 
KOH M HeKOTOPbIe y4aCTKH OTIpenapHpOBaHHOH COeIMHUTebHOM TKAaHM MepH- 
HEBPHA OKPallIMBaJIMCb TeMaTOKCHJIMHOM-303HHOM, IIMKpOdyKCHHOM HM TeMaTo- 
KCHJIMHOM nO SicBonny. 

3) OrcyTcTBHe HEPBHbIX BOJIOKOH B COC AHHUTeIbHOM TKAHM SIMHEBPHA H Wepu- 
HEBPUA MOCIe HX H30JALMH KOHTPOJIMpOBalOCb MWyTeCM HMMperHalluu a30THO- 
KHCJIbIM CepeOpom no cnocooy BubuoBcKoro. 


BuoxHMHYeCKHM UCCJICEOBaHHAM NOABeprasIuCb OJHOBPCMeCHHO ILeJIbI HEpB-, 


HbIM CTBOJL H pa3eJIbHO COCMHHTeIbHaAA TKAHb 9IIM- H MepHHEBPaJIbHbIx O6O- 
JOUeK HM BbIACIeCHHbIC MYYKH HeEPBHbIX BOJIOKOH, COWepxal[ve JIMUIb BeCbMa 
He€3HAUHTeEJIbHOe KOJIMYCCTBO COeAHHUTCIbHOH TKaHH (9HMOHeBpHi). 


Jia aiekTpotoperuyeckoro HCCIeAOBaHHA MOJYYeHHbI MaTepHal (eb 


HEPBHBIM CTBOJI, H3O0JIMPpOBaHHbIe MYYKH HEPBHbIX BOJIOKOH H OTMpenapHpoBan- 


Had COCIMHHTEIbHad TKaHb) TOMOPCHH3HPOBaJICA C JBOMHBIM OObeMOM (pu3HOUIO- | 


ruyeckoro pacTBopa HM OeKM 9KCTParupoBasIuCch pH Temmepatype + 4° B Te- 


yeHne 2 4yacoB. SaTeM rOMOreHaTHI 3aAMOParxKUBaJIMCb 2KULKUM BO3],YXOM B TCUCHHE | 


15 MHH. HW OCTAaBJIAJIMCb B XOJOLMIbHUKE JO CeLylomero HA; MOCe OTTAMBaHUA 
SKCTPaKTbI WenTpudyrupoBasiucb 20 mun. upu 8000 06/mun. Ilonyuennpie Takum 
OOpasOM SKCTPaKTbI BOLOPacTBOPUMbIX OeNKOB NOLBepraluch 3.1eKTpodopesy 
Ha Oymare B BepoHa.I-MesuHaNOBoM Oydepe npu pH 8,6 u wanpsxenuu 260 B 
B TeveHHe 6—7 uac. Oxpacka OenkoB Ha OyMaXHbIX MOIOCKaX MOC/e WX BBICY- 
WWMBauHA MpOW3BOANaCh IPH NOMOWM Kpacku «amuyzouBapy LOB». 
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Hast OnlpeteeHHA CONepKaHNA OesKa SKCTPaKTbI CKMPAIM C KOHILeHTPUpo- 
BaHHOH C€PHOM KUCJIOTOH HM KOJIMYeCTBO a30Ta ONpeseNAM TPH MOMOLIH peaK- 
THBa Bunkulepa. Jaa snextpodopesa Kak Abii 9KCTPakT HaHOCHJIM Ha OyMaxKHbIe 
MOJIOCKH C€ TaKHM paCyeTOM, YTOOI KOMMYeCTBO OeNKa Ha BCeX NONOCKaxX ObIIO 
NPHMepHO OJHHAaKOBBIM. 

Ha pwc. 2 mpupegenbr aeKTpodpoperpamMbl GOeKOB cesauIMMHOrO HepBa 
KpynHoro poratoro cKkora (/), H30IMpOBaHHbIX IYYKOB HePBHEIX BOMOKOH (2) 
M COC MHHTCIbHOM TKAHM HEpBHOrO CTBONA (3). Kak BUHO H3 aueKTpodoperpamM, 
aJIbOyMUHEI B PaBHOl Mepe Cokepxatca HB IKCTPakTax OeKOB U3 IeNOro Hep- 
Ba, HM B 9KCTPpaktax M3 COCAMHHTEVIb- 
HOM TKaHH HepBa, HM B 9KCTPakTax H3 
H30JIMPOBaHHbIX MY4KOB HePBHBIX 
BOJIOKOH. 1 

C MOMOLIbIO AEHCHTOMeTPa Cc 9dVIeK- 
TpodoperpamMM OblJIH NOJyYeHbI KpH- 
Bbl€, KOTOPbIe aJIM BO3MOXKHOCTH BbI- 
YHMCJIMTh MpOWeHTHOe COJepxKaHue OT- 
ebHbIX OeNKOBHIX (paki, BEIAB- 7 
JIGHHBIX Ha 9eKTpOPoperpammax. 
Oxkasal0cb, YTO MpOleHTHOe cozep- 
*KaHHe aJIbOyMUHAa B U30JIMPOBaHHbIx 
WyukaxX HePBHbIX BOJIOKOH, UesIOM 3 
HepBe HM COCAHHHTEJIbHOH TKaHH M0U- 
TH OJHHAKOBO HM KOvIeOeTCA B mpe- 
nenax 20—25% or o6mero cozepxa- 


Puc. 2. OQnextpodoperpammsl Genkos. J — 


HMA PaCTBOPMMBIX OeJIKOB. celaMU\HOrO HepBa KpylHOro poraToro CKo- 
Takum o6pasom, aJIbOyYMHHBI, 00- Ta, 2 —H30MpOBaHHbIX IMyUKOB HePBHBbIX 
Hapy2XKMBaeMble TIpH I eKTpOdopese BOJOKOH, 3 — COCAMHHTeCIbHOM TKaHH SIH- H 


HepBa (HampyMep, cejlaJIHUHOrO), Ne€PpHHEBP avJIbHbIX o6om0ueK 


colepxaTcCA U B HeEPBHBIX BOJIOKHaX 
H B COCAHHUTEJIbHOH TKAHH Tepu- WH SMMHEBPHA, a HE 3aABHCAT TOJIbKO OT TIPH- 
CYTCTBHA B HePBHOM CTBOJI€ COCAHHUTEJIbHOM TKAaHH. 

Jleytuke (°), pa3equB NyTeM yJIbTpallenTpHpyrupoBaHHA pacTBOpUMBIe 6es1- 
KH 3aMbIKaTeIbHOrO HepBa ObIkKa HM OOHAPYXMB [Ba OeKa: MeVIEHHO |i nH 
ObICTpPO OCaxKAaomlniicaA (MepBbIt pH 2eKTpodopeTuyecKOM HCCIeOBaHHH M0 
Tu3euycy oKa3aJicd OBICTpO JIBHraloulMMcsA, BTOPOH — JIBHraloulHMCaA MejWIeH- 
HO), TaKxKe BbICKA3a MpenoNowKenve, ATO STH OeNKH COMepxKaTCA B CaMHX 
HEPBHbIX BOJIOKHAX. 

Kak y2Ke ObIJIO yKa3aHO BBIMe, O€IKH HEPBa OTJMYAIOTCA OT O€KOB FOJIOB- 
HOFO HW CIMHHOPO MO3Ia HaJIMUHeM B UX CocTaBe OeKa, JBHTatolleroca Mp dJIeK- 
Tpodopese K KaTOLy. OmexTpodoperpaMMa OeKOB HePBHbIX BOJIOKOH MOKa- 
3bIBaeT, UTO STOT GENOK MPHCYU, HMCHHO HEPBHbIM BOJIOKHAM; 9TO ACHO BUAHO Ha 
amekTpodoperpamme. CoeqHHuTeJIbHad TKaHb TaKOrO OeKa BOBCe He COepxuT, 
O 4eM FOBOPUT ee ZeKTpOdoperpamma (puc. 2). 

CpaBHeHve albOyMMHOB HepBa HM CbIBOPOTKH KPOBM MyTeM MX BbICaIMBAHUA 
C€PHOKUCJIbIM AMMOHHEM, OMpeeIeHHA S/IeKTpOopeTHyeCKOH MOABYMXKHOCTH, 
BbIJeICHHA C MOMOL[bIO MpenapaTHBHOrO SeKTpOopesa MH U3yYeHHA PaCTBOpPH- 
MOCTH NOKa3aJ10, UTO aIbOYMHH HepBa MOAOOeH abOyMUHY CbIBOPOTKH KPOBH. 


ViucrutyT O“oxumMuH Tloctynuo 
Axkalemuu uwaykK YCCP 21 IV 1958 
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XHMHYECKAA TEXHOJIO‘LH A 


° 


Uaen-Koppecnonyent AH CCCP JJ. M. UADKHKOB u A. M. FTPHHbKO 


NOJIYYEHHE HW CBOMCTBA HOAWAHOrO HHOBHA 


B HacTosaulee Bpema pa3pa6oTaHbl M HaXOJAT MpakTW¥ecKOe MpHOKeHHe 
MHOFOUMCJIeCHHbIE H pasHoOOpa3sHble cnocoObl paMHHpOBaHHA MeTAaJIJIOB Kak 
NMpOMeTaJyprH4uecKMMU, TaK HM THApOXIeKTPOXHMHYeCKHMH MeTOJamu. Y jau- 
HOe KOMOMHMPOBaHHe OTJeIbHBIX CMOCO6OB;BO MHOrHX cuIyyaiX OOecneyuBaeT 
NOMYYCHHE MeTAaJIOB BbICOKOM UMCTOTHI, CBOOOJHbIX OT He%KeaTeJIbHbIX IIPHMe- 
celi. CpeqH U3BecTHBIX cmoco60B patHHHpoBaHHA TYFOMIaBKHX MeTAJIVJIOB: 
THTAaHa, IMPKOHHA,. HHOOMA MW TaHTasa OoObINOrO BHUMAHMA 3aCJly*KUBaeT Faso- 
TeHHJHbIM, OCHOBaHHbIM Ha H30UpaTeIbHOM JleHCTBHH TaJlOHOB Ha YepHOBBIe 
MeTajbl. 13 ramouqoB oco6pili MHTepec MpeAcTaBAAeT HON, KOTOPbI B OObIMHbIX 
YCIOBHAX ABIAeTCA TBepbIM BeulecTBoM. Moyuyubli cnocoO padpunnpoBaHHa 
BKJIIOUaeT [Be OCHOBHbIe ONepalluH: OOpasoBaHue HOWMMa MeTaa MH Nocwelyro- 
myio ero uCcolMalHto. f 

JIuTepaTypHble cBeqeHua 06 Hoquax HuOOMA BecbMa cKyHbI (1%). Moquyy 
HHOOHA NOyYaIvcb mp HarpeBaHHu metama Wo 1300—1500° B armoctepe 
apoB Hoya. Brio ycTaHoBsieHo, 4TO HHOOHM Cc HOOM OOpa3yeT pA coelu- 
HeHHH, COOTBeTCTBYIOWMX mo cocraBy dopmysam NbJ;, NbJ3, NDbgJqy. 

B_ Jla6opatopuu MertaJiulypruv IWBeTHbIX M peQKHX MeTaJJIOB U3y4aIMCcb 
yclOBuA OOpa3s0BaHHA MM Auccolnalun HoANZ0B HuOOuA. IIpu HarpeBaHuu B 
SBaKYHPOBaHHOM cocyjle CMeCH MOpolika MeTaa C HOJOM, B3ATbIX B OTHOLIe- 
uuu: Nb + 2,5 Je = NbJ;, Ob110 oTMeveHO, uTO yxKe mpH 200° oOpa3zyioTca KpH- 
CTaJIbt NATHHOANAa HMOOUA 30N0THCTO-OpoH30BorOo UBeTa. OOpa3yroulHeca 
KPHCTaJIbl WaBATcA Oe3 pa3snoweHua mpH 320°. IlatTuvoguq HuoOuA GbIcTpo 
rHApomusyeTcaA B BOJe HB INCNOUHBIX pacTBopaXx. 

Ec HarpeBaTb B SBAKYHPOBaHHOM Cocye CMeCb NOPOWIKa HHOONA C HOJOM, 
B3ATHIX B OTHOWeHHH Nb +1,5J,=NbJ;, To B MHTepBawe Temmepatyp 200— 
350° nepBOHayabHO Becb Hol CBA3bIBaeTCA B NATHHOANA HuoOuA. IIpu noBBI- 
wleHHH Temiepatypbl Jo 400° naTuloquy HHOOuA HaYMHAaeT pacnaaTbea Ha HH3- 
me Hoss u Hon. TlocneqHul pearupyer co cBOGOHbIM MeTaIJIOM. KoHeuHBIM 
ycTOHUuMBLIM MpoxyKTom mpu 600° aBaaeTca TpuHoAMA HHOOUA B Bue uromb4a- 
TbIX KPHCTaJJIOB TeMHOFO IBeTa. 

Husmui Hou HnoOua c1a6o rufspoumusyerca Ha 803yXe H MeJWIeHHO pea- 
rupyeT c BOAO M WieOUHbIMM pacTBopamn. IIpu conpHkKocHOBeHHM MapoB Tpex- 
Howuya Huo6ua c packaseHHoilt go 1300—1600° nuo6nesolt uu TaHTamOBoli 
HuTbIO NbJ3 AuccouMupyer c OTOXKeHHeEM Ha HUTH KOMMaKTHOTO HuOGHA. Pa- 
AMalbHaw CKOpOCTb OcaxkeHuaA HHOOMA cocTaBIAeT 3,9—4,0 mm/uac. Temnepa- 
Typa B cocyjle He JomKHa npeBbuaTb 600°. IIpu remneparype 700—800° fonzun 
HHOOKA AMCHpOnOpuMoHUpyer c OOpa3z0BaHvem Hoyula BEICHIeli BaeHTHOCTH UI 
MeTaJIJIMYeCKOrO HHOOUA, OCefalollero Ha MOBepXHOCTH cTeHOK cocyza. Iponece 


NUCCOUMAaLMN NO2KeH BECTHChC HeMpepbIBHOM OTKAYKO! U3 Cocya OCBOOOxKLal0- | 


meroca Homa. IIpyrku HHOOuA.B 3TOM CTyUae MOMyUaIOTCA POBHEIe HU MOTHHIe, 
COCTOAUIMe H3 KPyMHBIX 3epeH (puc. 1, cM. BKJeliky K cTp. 264, u puc. 2). Ipyr- 


KH HOXMAHOrO HUOOMA MIaCTHUHEI, erKO KyOTCA MH MPOKAaTbIBAaIOTCA B (oubry. | 
MuxporBepfocrs Aid HOAMAHOFO MeTaa HaXOMUTCH B Mpeyenax 64—80 xr/m?. | 
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Temnepatypa Havana peKpucTaiMsalun paBusetca 940°, IIpu padunupoBanuu 
METAaJIJI OUMILACTCA OT PxHa MeTaIMYeCKHX HM TasoBLIX mpumeceli: Ti, Fe, Al, 
Mn, Si, W, Mo, a Taxxe yruiepoya wu a30Ta. CoflepxKannve cBHHIIa CHUKaeTCA C 


Puc. 2. Mukpoctpyktypa HoyusHoro 
HHoOuaA. 400X 


0,26% yo menee 0,001 %; on0Ba c 0,013% yo menee 0,001%. U3 merannuyueckux 
MIpuMmecel TOKO TaHTaI MepeXOAUT B KOHEYHBI MpOyKT. 

OnucaHHbli MeTO MOxKeT ObITb TaKKe HCHOMb30BaH JIA MOUYYeHHA HHO- 
OMeBLIX MOKPbITHH. 


VMucrutyt mMetassypruu um. A. A. Batikoza Tloctynuso 
Axkanemuu uaykK CCCP 20 V 1958 


UMTMPOBAHHAA JIMTEPATYPA 
1F. Korosy, J. Am. Chem. Soc., 61, 838(1939). *# K. Alexander, F. Fair- 


brother, J. Chem. Soc., Suppl. Issue, Ne 1, 223 (1949). §M.C. Chaigneu, C.R,, 
244, 900 (1957). 
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Jorxagn Akagemun nayrx CCCP 
1958. Tom 122, Ni 2 


FEOJOCH A 
r. M. TAMEEBA uw H. Il, BEPBHILKAS 


IPYIITHBHAS THMEPBASHTOBAA BPEK4YHA FOKHOFO YPAJIA 
(ITpedcmaeaeno axademuxom JJ. C. Kopocuacxum 14 IV 1958) 


OpynrHBHad runepOasuToBad Opekuua Opwia OOHapyxeHa oceHbIO 1956 r. 
B pycle p. Cyxoro Y3ana B Oacceltne p. Benoit C. B. Mocxanesoit npu TemaTu- 
YeCKOM H3y¥eHHA TunepOasuToBoro maccuBa lOxHoro Kpaka. OgnaKo dbaxTy 
e€ HaXO*K CHUA He ObWIO NpHAaHO AOMMKHOFO 3HaveHHA HU BEIXON OpeKunH He ObIL 
u3y4eH C HEOOXOAHMOH TOUHOCTHIO; Oomee TOPO, OCTaaCb HEBLIACHeHHOM Caman 
ee IpHpofla, T. €. BOMPOC O TOM, ABJIACTCA JIM OHA JCHCTBHTEIbHO SPYNTHBHIM 
OOpas0BaHHeM HIM MpeCTaBAeT CUEMeHTMPOBaHHbIi pPycsOBOH aJVIOBUIi. 

HeoOxogumple JONOIHUTeIbHbIe TeomorMueckHe HaGsIOLeHHA OblwIM mpous- 
BeJ\eHbI HAMM OCeHbIO 1957 r. K coxmaseHuio, OHH COmpoBoxamuch He Oype- 
HHeM, a JIMWIb HertyOOKHMH TOPHbIMH BbIPAaCOTKaMU, YTO 3aTPYIHUO OHO- 
3HAUHOCTb PellCHHA BOTIpoca O reHesuce OpekuuH. Tem He MeHee, NOyYeHHbIe 
W\aHHble 3aCJlyKUBaIOT BHHMAHHA y2Ke 0 OHOMY TOMY, 4TO AA Ypana no,06- 
HbIe OOPpas0BaHHA NO HaCTOALLeErO BPeCMCHH He YKa3bIBaJINCb. 

Kak yxKe yNOMHHaJIOcb, KOPCHHOM BbIXOA rumepOa3uTOBOli OpeKYHH BCKPHI- 
BaeTca B pycuie p. Cyxoh Y3aH mpumepHo B 600 m Bprme ycrba MbIcaseBCKOrO: 
Kmioua. Jlomuna Cyxoro Y3aHa, WO 9TOrO yuacTKa Y3KaH, 30eCb BHE3aMHO pac- 
IUMpAeTCA Tak, YTO ee NOMMa JocTuraeT nomepeunnKa 50 M. Ha cK0Hax JOJMHBI 
o6Haxalorca runepOa3uTbl, Culararouue MaccuB TOxKHoro Kpaka. AsmoBnasb- 
HbIM H pyCJIOBOK raseuHuk Cyxoro Y3aHa COCTOHT H3 OOJIOMKOB 3THX THNepOasu- 
TOB 6€3 MpHMeCH KaKHX ObI TO HH ObIWIO Apyrux nNopoL. 

Bpekuna oOHaxkaeTca He TONbKO B pycule peKH, Te WIMHa ee BbIXOa [O- 
cTuraet 52 M, HO BBICTYMaeT H3-NOX aJWJIIOBMA H NMOYBCHHOFO CJIOA HW B ee MOMMe. 
PacuucTKaMH YCTaHOBJICHO, UYTO MOI[HOCTb MOKPbIBaIOU[HX OpeKYHIO aJlJtO- 
BHaJIbHO-IOUBCHHBIX HaKOMNeHHH KOMeOeTcA OT O No 0,75 Mm. Te xe pacuucTKH 
n0ka3aiu, 4TO OpekyHA OOpasyeT JIMH30BHAHOe HeMpaBHJIbHO OKOHTYPeHHOe 
Teo, JocTruraroujee 160 M IMHbI IPH MakKCHMaJIbHOM TonepeuHuKe B 70 M. 

B pycse Cyxoro Y3aHa BCKPbIBaeTCA HENMOCPeACTBeHHbIM KOHTaKT OpeKuHH 
c rumep6a3uTamu TOxKuHoro Kpaka; Ha BCeM OCTaJIbHOM IIPpOTA2KeHHH CBOerO KOH- 
Typa OpekuHA CompHKacaeTca C HECI[CEMCHTHPOBaHHbIM PYCJIOBbIM TaJleuHUKOM, 
BbICTyNad CpefM Hero KaK MOHOJIMTHAA Macca. 

Bpekyuna, OOnaxkalomaaca B pycule peKH, MO CBOeMy CTPOeHH10 HEOJHOpOmHa. 
Oua COCTOHT H3 BbIBETPeONH CepineHTHHH3HPOBAaHHOH, HOHTPOHHTH3UpOBaHHOK 
M, TulaBHbIM OOpasoM, KapOOHAaTH3HpOBaHHOM MJIOTHOM MacCbI CBeTIOrO Cepo- 
BaTO-2%KeJITOrO WBeTa, B KOTOPOM 3aKJIIOUeHBI MepenouHsIouyHe ee OOJIOMKH TH- 
nep6a3uToB. Pasmep o610MKOB KOseOsleTCA B OUCHb IWIMPOKMX mpeesax — OT 
qoueli MusiuMertpa Jo 0,75 M B nonepewHuke. DopMa UX pasHooOpasua: HanOouee 
KPYIIHbIe, Tak %Ke Kak M HavOovlee MeTKHe, BCerfa YrOBaTbI; OOMOMKH Ke Cpe 
nei BemuuuH, T. e. oT 0,015 yo 0,3 M B NOMepedHHKe, — B pasJIMYHOU CTeNeHH 
oxpyrsenbr. B pacnpeyeneHHu OOJOMKOB BJIMAHMe BOLHOM COPTHPOBKH HE BBI- 
PaxKeHO: YYAaCTKU, COXKCHHBIC TObKO MCJIKUMM OOJIOMKaMH, MOryT CojepxaTb 
eMHMUHbIeC Kpynuble rabi6pl, AocTuraiouue 0,5 M B TMOMepeyHHKe, MH mepeme- 
KaTbca C YYaCTKAaMH, COCTOALIHMMH 43 O60MKOB B 0,15—0,25 mM mouTH Oe3 MpH- 
MeCH TOHKOOOJIOMOUHOPO MaTepHawa. 
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Ilementupyroujai OOOMKH MWWIOTHAA MaCCa B OTJeJIbHbIX y4aCTKax PyCcJo- 
BOrO BhIXOa paccaHyoBaHa. OWHakO 9TO paccylaHWeBaHHe He pacmpocrpa- 
HACTCA Ha 3aKJIIOUCHHDIM B Hel OOMOMOUHbIN MaTepHad, UTO HarJIAHO BbICTYMaeT 
B pacnosOxKeHHuH Oomee KPYNHbIX OOJOMKOB, HE 3aBHCALLeM OT HallpaBJICHHA CJ1aH- 
wepatocTu. IIpoapmenue noceqHeli, OUeBHLHO, CBA3AHO C OMM3OCTbIO KOHTAaK- 
Ta C rumepOa3suTaMH, BMEeLLalOWHMH OpeKUHIO, Tak Kak B_ HeNOCpeACTBeEHHOM 
KOHTaKTe PuMepOasHTbI HepeAKO pa3spoO/eHbl WH MpeBPallleHbI B CePleHTHHH- 
3HpOBaHHbIi u KapOOHaTH3MpOBaHHbId TeKToHHT. Kontakt Opekunu C rumep- 
6a3MTaMH HePOBHbIii: OpekuHA OOpasyer BTéKM B TumMepOasHTOBbI MaccuB, 
BH@(PAACb B HeFO MO TeEKTOHHYCCKHM TPeU\MHaM OTJCbHOCTH, BbIKJIMHHBa- 
rourumca uepes 0,5—0,75 M oT rpaHHbl OOeux MOpo. 

KoutTakT OpeKuHu C aJIJIOBHaJIbHO-PYCJIOBbIMH OTJOXKCHHAMH TakxKe He- 
POBHbIM: PbIXJIbI aJIMOBHAIbHbIM MATepHas BIWIOTHY!O MpusieraeT kK MOHOJIMT- 
HOH Macce OpeKUHH, BbIMOJHAA BC HEPOBHOCTH HM KapMaHbl €€ KOHTYPa H M0- 
BepxuocTu. IIpH stom m0 Mepe NpHOM2KeHHA K BbIXOMy OpeKYHH BaJJIOBHaIb- 
HOM MaTepHasle H€3aMeTHO KaKHX ObI TO HH ObIIO MPH3HaKOB YIWIOTHCHHA WJM 
I[€MeHTallHi. 

Muxpockonuyeckoe ucceqoBaHve OpeKYHH MOKa3a0, YTO Cpequ Cylararo- 
ULUX €€ OGJOMKOB peoOalaloT YJIbTPaOCHOBHble MOPObl, TO MHPOKCeH-OJIMBH- 
HOBbIe, TO YHCTO OJMBHHOBbIe —BCerfa B OOJIbIIeEH WJIH MeHbIWeH CTeMeHH, a 
HEpeAKO H Halleio CepNCHTHHH3HPOBaHHble H KapOOHATH3HPOBAaHHble; K HHM IIpH- 
COCMHAIOTCA CTOJIb 2K H3MCHEHHbIC HEMHOFOUMCJICHHbIe OOJIOMKH MHKPHTOBEIX 
NOpupHTOB MH UX TyoB HM CNOpaMyecKH NOABJAION[MeCA OOJIOMKH ALIMOBHHBIX 
KPCMHUCTHIX Canes. B w300HJIMH NPHCYTCTBYIOT OTACJIbHBIe 3epHa H OOJIOMKH 
3epeH > KeIe30-MarHHeBbIX CHJIMKAaTOB, TvlaBHbIM OOpa30M OJIMBHHa HM pexKe — 
MOHOKJIMHHOrTO MMpoKceHa. OOsJIOMOUHbIM MaTepHadl CKpenwleH pa3besaromert 
MU 3aMeularoljelt erO CepMeHTHHO-KapOOHAaTOBOH MacCCOH, COsep»xalLeH MmpHMeCb 
He@IHMTOBOrO BeUleCTBa HW FHApocIOL. 

B pycsIOBoM aJIJIOBHH, COMpHKacaloleMca Cc OpeKuHel, OOJIOMKH KPeCMHH- 
CTbIX CaHIleB HU NMOpO apy3HBHOrO OOIUKAa OTCYTCTBYIOT: OH COCTOHT TOJIbKO H3 
OOJIOMKOB YJIbTPaOCHOBHBIX MOpo, MocTynarowmux B AomMHY Cyxoro Y3aHa u3 
pa3MbiBaemoro uM MaccuBa lOxHoro Kpaka. 


Uccneqopanne 4 conocraBslenue TAKeON (paKIMH WWIMXa, B3ATOTO B pycale | 


Cyxoro Y3aHa BBILIe HW HHKe BbIXOJa OpeKuHH VU TAKEION PpakUUu, NOWyYeHHOU 
IpH WpoOeHHun mocmeqHeH, MOKa3aO TOMbKO KOJIMYCCTBEHHBIC PasJIM4HA, 3a- 
KJIOUAIONMeCA B Oosee BbICOKOM COJepxKaHHH PoMONYeCKOrO MMPOKCeHa HM Me- 
Hee BbICOKOM COJepxKaHHH XPOMHTA HM XPOMIMKOTHTA B OpeKYHH MO CpaBHeHHI0 
€ PpyCJIOBbIM aJlOBHeM. BuM30cTb MHHepadOrMyeckoro CocTaBa HCCC OBaHHBbIX 
IIJIMXOB OObACHACTCA CXOACTBOM COCTaBa PYCJIOBOTO aIOBHA HM OOMOMOUHOrO 
MaTepHasla, Clararoujero Opekunio. ITO %Ke CXOACTBO 3aTPYAHAeT MH reneTuye- 
CKYIO WHarHOCTHKY mMoceqHeH; ecM Obl MOMOOHOe OOpas0BaHHe OpblO OOHapy- 
2KeHO He B OKpaHHHO yacTH runepOasHTOBOrO MaccuBa, a B Hose pasBHTHA 
JuOObIX APyPHX NOpON, OHO Obl GesoroBOpoOuHO AMarHOCTHpPOBaNOCb KaK 93pyr- 
THBHaA TunepOasnToBad OpeK4HA, BHIMOJHAIOULIAA TpyOKY B3pPbIBa, B OMMCHI- 
BaeMOM Ke Cylyyae, HECMOTPA Ha pa3HHIly B CTeMeHH COXpaHHOCTH rumep6a- 


SHTOBBIX OOJIOMKOB, BXOJAILMX B COCTaB OpeKYMM, HM HeMOCpesCTBeHHO C Heli 


CompuKacaiomerocaA pyCcs1OBoro rasleYHuKa, HECMOTPA Ha Oowlee pasHooOpasuntit 


cocTaB OOm0MOouHOrO MaTepHaJla, CJlararoluyero Opek4ni0, M Ha peskuit Xapak- 


TeP KOHTAKTa M@KLY aJWMOBHAJIbHO-PYCAOBbIMA OTMOXKeHHAMH WH OpeKkuneit, — 
SPYNTHBHAaA TpHpoka nocmeqHeH MOxKeT ObITb BCe xe Ge3OroBOpOuHO AOKasaHa 
JIMUIb IIpOBeeHHeM CTPYKTYPHOH OypoBol CKBaxKUHDbI 

Bo3sMoxHOCTh MPHCYTCTBHA 2PYNTHBHOH TunepOasuToBo Opexuun Ha 3a- 
MayHOM CKJIOHe Ypaula cleyeT paccMOTpeTb H C OOmereOMOrMYeECKHX MOSHE. 

OOmeusBecTHO, YTO BOSHHKHOBeHHe MOMOOHHIX OOpasoBaHHii, OOycOBeH- 
HOE MIPOABJIeHHeM OCOOOrO THMa MarMaTH3Ma, XaPaKTePHO TObKO WIA OOacrelt 
MIaTPOPMeHHOPO PexKUMAa Pa3BUTHA MU HEBOSMOKHO B CKJAaUaTHIX OOACTAX, KNac- 
‘CH4CCKHM IIPHMepOM KOTOPbIX CuuTaeTcd Ypan. Bmecte c TeM u3BeCTHO, 4TO 
OJHa W3 Pa3HOBUAHOCTeH SPyNTHBHbIX TuMepOasuTOBbIX OpekuHnit, BHINeEIAeMaA 
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TO, HA3BaHHEM KUMOEPJINTOB, ABJIACTCA CMHCTBCHHBIM JOCTOBeEpHO yCTaHOBJeH- 
HbIM 9HJOreCHHbIM HCTOUHHKOM aJIMa3a. 

IllMpoxoe pacnpocrpanenve poccpinHbIx MeCTOpoxeHu aiMaga, yCTaHoB- 
JI€HHOe Ha MPOTAKCHHM BCero 3amaqHoro CKJIOHa Ypasa, 3acTaBaeT mpeqno- 
JIOXKUTb, YTO HW B 3TOM CJIy4ae, TaK 2K KAK WH BO BCEX OCTAJIbHbIX aJIMa3OHOCHBIX 
MIPOBHHIUMAX MHPa, KOPeHHbIe HCTOUHHKH MeCTOPOKeHHH aJiMa3a, T. e. TPYOKH 
B3PbIBa, AOJKHbI HAXOJUTbCA B HEMOCPeACTBCHHOH OM30CTH OT ero poccpireit. 

CnefyeT 3aMeTHTb, YTO HEOHOKPaTHO OTMeYaBAACH TeTeporeHHOCT CTPo- 
e€HHA 3anaqHOH M BOCTOUHOH 30HbI Ypasa (', *), oTpaxkaiomaica Hu B pasion 
COCTaBa KOMIWICKCOB MOpOd, H B MalMaTHYeCKHX MPOABJICHHAX OOCHX 30H, WaeT 
OCHOBaHHe YTBepxK]aTb, YTO UX OOSEAMHEHHE B CAUHYIO Y pasIbCK yO CKIaquaTyio 
CHCTeEMY HefOcTaTOUHO OOocHOBaHO. Pay ocoGeHHOCTeli reosorMyecKoro CTpoOeHHA 
3allaqHOH 30HbI Ypasia yKa3bIBaeT Ha TO, YTO OHA ABJIACTCA He PEOCHHKJIMHAJIbHO- 
CKJlaq4aTbIM COOPyxXeHHeM, a OKPAaHHHOH uacTbio MaTPOpMbI, OObeHHEHHE 
KOTOPOH B eHHOe elOe C BOCTOUHOM 30HOM OCHOBaHO He Ha FeHeTHUeCKHX, 
a TOJIbKO Ha BHEIMUHUX MOpdoslorMyeckuHx OcobeHHOcTAX. Takum OOpa3oM, Ipu- 
CYTCTBHE SPYNTHBHOM runepOasuTOBOH OpeKuMH KHMOepJHTOBOTO Tuna Ha 3a- 
NlaytHOM CkOHe JOxHoro Ypana, B OacceiHe p. Benoit, Bo3MOxKHO H C OOMLMX 
reolorMyecKux mosnuHH. Ee naxogKa noyTBepxaeT, uTO Ha Ypasie, rye Oosee 
yem 3a 25 JIeT MOMCKOB Tak H He OblM OOHAPy2KeHbl KOPCHHbIe HCTOUHHKH aJIMa- 
30B, Tak K€ Kak HM BO BCeX OCTAJIbHbIX aJIMa3OHOCHBIX MPOBHHIMAX MUpa, auJl- 
Ma3bI CBA3AHbI C MPOABJICHHAMM MIaTPOPMeHHOFO MarMaTH3Ma, T. e. C KHMOep- 
JAMTAMH, BbIMOJHAIONLHMU TpyOKH B3pbIBa. 


Bcecoro3Hblii HaydHO-HccmTeOBaTeIbCKUI Tloctynua0 
TreoJIOrHyeCKHH UHCTHTYT 11 1V 1958 


UHMTHPOBAHHAA JIMTEPATYPA 


171. B. HanusxKkun, Teonornueckan ucropux Ypana, Cpepaosck, 1943. ? K. A. 
Cnpuurc, Mss. AH JlatsCCP, Ne 12 (1956). 


Jloxxagn Arkagemuu nayk CCCP 
1958. Tom 122, Ns 2 


TFEOJOLPHA 


Axagemuk C. H. MAPOHOB, B. I. ITYWMJIJIO u C. WH. BOPOBbEBA 


AC®AJIbTONOJOBHbIA BUTYM BEPXOBbs| p. MAPXM B AKYTHH 


Ha KouTakTe Cuslypa Cc KeMOpHeM B ycTbe p. CbITbIKaH, MpaBoro NpuToKa 
p. Jlanaqan, B BepxHem Teyennu p. Mapxu, Obiuia OOHapyxKeHa BAKA, MOUTH 
yepHoro IBeTa OHTYMHHO3HAaA Macca, paBHOMePHO TepeMellaHHad C H3BECTHAKOM. 
TloceqoBaTebHOM SKCTPaKIHell alleTOHOM WH OeH30JIOM M3 93TOM Macc OBI 
BbIeeHbI MaCwla, CHJIMKareJleBble CMOJIbI H aciasIbTeHbl. AWeETOHOM ObIJIO BBI- 
neneno 46,77%, a GeH3010m 53,23% opraHMyeckoro BelecTBa, COCTAaBJIAIOMLeroO 
66,1% Ha mopony. 

Pe3yJIbTaTbl aHasIW3a OTJCJIbHbIX COCTABHbIX uacTeli OHTyMa MpHBeeHbr 
B Tau. 1. M3 nee BUAHO, YTO XOPOWIO pacTBOPHMBIM HedTenogoOOuLIM OUTYM pac- 
CMaTpHBaemMOro OOpPa3lla MOUTH MOJIHOCTbIO COCTOMT M3 aCiaJIbTeHOB H CMOJE 


Ta6Oauna 1 
Bpixog, % OseMeHTapHbilt cocTaB, % 
XapakTepucTuKa 
H C/H 
asBaHue MpopyKta eee Bits = SRO | mpomyKta 
Macuia 15,10} 22, 87/84, 93)12 ,55)1 , 88/0, 18)0, 46/6, 7) Kear, napapunncteit, 
3aCTbIBalOMui 
I]pomexkyTounaa pak- 5 
nus 4,69] 7,09|83,03|10,50)3, 70/0, 18/2, 59)7,9| Kopwanespiit, aunknit 
CMoJIbl, pacTBOpHMble B 
aleTOHe 
CuuKarevieBble 
OeH3OJIbHbIC 1,69} 2,57/81 , 40/10, 40/3, 91|0, 13)4, 16|7 ,8| Kpacnopato-Kkopu4He- 
CusimkareJieBble BEIM, JIMIKHM 
AlleTOHOBBIe 8,20) 1243/78, 82/10, 60|5,27|0,13)/5,18|7, 4) Temno-kopwyHesbiit , 
Cmoyibl, He pacTBOpH- JIMMKHH 
MbI€ B alleTOHe 3,92) 95,33/82,14)11 07/3, 41)0,12/3,26/7 4) Uepxpm, aunkuit 
ActbauIbTeHbI, pacTBO- 
pHMbIe B aleToHe AUS) Al teuliivay GH fh vl ‘lay taeok 8,9] TemHo-kopHuHeBbIi, 
ActbasIbTeHBI, He pac- XpynkHi 
TBOpuMble B ayeToHe | 34,62) 47,90/81,87) 8,75/5,32/0,22/3, 84/9, 2) Uepuaii, xpynkuit 
CyMMa 66,01{100,00 
*S+N-+40. 


(70,04 % Ha OuTyM), Tora Kak COJep2xKaHHe B HEM MaCedI HW IpoMexKyTOUHOL (bpax- 
WMH He MpeBbiinaeT 29,96%. QneMeHTapHbIH COCTaB COOTBETCTBYIOWIMX KOMMO- 


HeHTOB OHTYMA OTIMYACTCA MOBBILICHHbIM COJep2xKannem ceppl. Macua OuTyma, | 
CyA4 M0 S/leMeHTapHOMY COCTaBy, COCTOAT U3 HePTAHbIX yreBOMOPOAOB c npu- 


MECbIO C€PHHCTHIX, KHCJIOPOAHbIX MH a3OTHCTHIX COeqMHeHMM. CocraB cusuKare- 
JIEBEIX CMOJI H CMOJI, H€ paCTBOPHMEIX B alleTOHe, COOTBeTCTBYyeT COcTaBy Hedra- 
HbIX CMOJI. 

SHaUHTeIbHaA YaCTb CMOJI, BO3MOXKHO, oOpa3s0Baslacb B pe3YJIbTaTe BHIBeT- 
PHBaHHA ONTyMa, KOTOPbIt ObI B3AT B OTKPBITOM OOHAKEHHU. STUM xe OObAC- 
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HACTCA MPHCYTCTBHE B MaCJlax H MpOM@KYTOYHOM pakWMH KHCOPOAHBIX co- 
€/MHeHHE. 

TlonyyeHHble pe3yibTaTbl HCCeLOBaHUA OUTyMa JalOoT OCHOBaHHe CcuNTAaTD, 
4TO OH ABJIACTCA CHJIbHO OKMCJICHHbIM MH MOJIHMepH30BaHHbIM HepTAHbIM On- 
TYMOM. 

ConocTaBslenue xuMMYeCKOrO CocTaBa OHTyMa, B3ATOFO B palione p. Mapxu, 
‘ OHTYMOM, BbIeJICHHBIM H3 MOPOAL BepXHero FOpH30HTa CpeHero OTMea KeM- 
Opua pationa p. Amru, moKasaui0, uTo OuTYMbI OOenxX NOpoy, XapaKTepusyroTca 
BBICOKHM COfepxKaHvem aciambrenop (p. Mapxa 49,71%, p. Amra 26,45%) 
M HH3KHM CofepxKaHvem Mace (p. Mapxa 22,87%, p. Amra 17,45%). Oune- 
MeHTaPHBI COCTaB Macel HM accasIbTeHOB, BbIACICHHbIX U3 OOpasia paliona 
p. Mapxu (cm. Ta6. 1), mourH copnayaeT c Tem 2Ke JaHHbIMH Jia OuTyMa 06- 
pasa paliona p. Amru (macuia: C 85,50%, H 12,15%, S 1,60%, O + N0,75%, 
C/H 7,0; acchanptreup: C 83,30%, H 8,71%, S 1,95%, O+ N 5,04%, C/H 
9,5%). 

CyeqoBaTeIbHO, CCTb OCHOBaHUA NOJaraTb, uTO 06a OuTYMa HMeIM OHOPOL- 
HOe€ MaTePHHCKOe BeMLeCTBO, a YCJIOBHA MpeBpalleHHA ero ObIIM CXOJHbI Kak 
B BePXHUX FOPH30HTax CpefHero oTfela KeMOpua (p. Amra), Tak H Ha KOH- 
TakTe KeMOpHa Cc CHypom (p. Mapxa). 

PanHee mpoBeseHHble HCCIeELOBaHHA OuTYMOB CuOupcKo muaTsopMbl moKa- 
3aJIM, UTO OCHOBHAA Macca OHTYMOB CpefHerO KeMOPHA COCTOHT H3 CMOJI M ac- 
(asIbTeCHOB, a OMTYMbI HW2KHeErO KeMOPHA B 3HaAUMTENbHOM YAaCTH COCTOAT H3 
mace. IIpu BricoKom coyepxxaHHu actpasIbTeHOB ONTYMbI CpeqHero KeMOPHA OT- 
JImuaroTca OT OHTYMOB HMXKHeErO KeMOPHA MOHVW2KCHHBIM COepxKaHHeM BOJO- 
pola W BbICOKHM OTHOMIeHHeM C/H (rTa6a. 2). 


Ta6muna 2 


ConepxxaHne 
HaumenosBanue oOpasia acd aJIbTCHOB, Cojep>K aHHe 
Paiiou uM reomorHyecKHii BOspacT % Ha CyMMap-| BOfOpoga, % C/H 
HbIM OHTYM 
P. Mapxa AchaibTrono7o6ubiit OuTym. Kou- 
TaKT cHylypa c kemOpvem 49,71 8,75 a2 
P. Amra Butrymuno3snad nopona. Cpenzunit 
keMOpHii 26,45 8,71 9,50 
Jleppii Geper p. Jle- 
HbI, B 2 KM HW2Ke 
Enauku AcdasbTutT. Cpequuli KemOpuit 38, 76 8,47 9,50 
P. Ton6a Herp. Haxknuli KemOpuit 0,06 9,94 8,00 
P. Onenex Heth. Huxknua KemOpuit 0,015 9,40 8,00 


TakuM OOpa30M, MOXKHO MpHTH K 3aKJIOUeHHIO, TO OuTym p. Mapxu poz- 
CTBeHeH OUTYMY CpeqHero KemOpua p. Amru, 4TO yKa3bIBaeT Ha WWHpOKOe perno- 
HaJIbHOe pacmpocTpaHeHHve OaronmpHATHIX yCOBMN HedTecOpasoBaHHnA B Ipe- 
Tenax Cu6upcKoli naTsopMbI B CpeyqHeM KeMOpHH HM Murpalluio B paone Mapxu 
CpeqHeKeMOpHiickolt HeTH Ha KOHTAKT CHJlypa C BepXHeKeMOPHUCKUMH OTVJIO- 
2KCHHAMH. 


VWucrutyt Hedra Ilocrynuao 
Akagemun HayK CCCP 7 VI 1958 


HWUTHPOBAHHAA JIMTEPATYPA 


CS See el yao sO Wien Ian ChOnKe OW OgRed, eGo tiewN\ i, DOL HORS Hebru u OutyMbI 
Cu6upu, Wsq. AH CCCP, 1958. 
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Jloxaagn Akanemun nHayk CCCP 
1958, Tom 122, Ni 2 


TFEOJO‘H # 


C. A. TONMOPEM 


BJIMAHWE MMHEPAJIOPHYECKOFO COCTABA MHHEPAJIbDHbIX 
MPMMECEM HA 3JIEKTPOMPOBOAHOCTb KAMEHHDIX YIJIEM 


‘ (ITpedcmaeaeno axademuxom C. H. Muponoestm 12 1V 1958) 


Vspectuo, TO 3S/IeKTpHueCKOe COMPOTHBeHHe YyruleH ABJIAeTCA PYHKUMeH 
psa cbakTopoB: cTeneHu yrepuKalluu, Nerporpaduyeckoro CocTaBa, 30JIbHO- 
CTH, BJlaxKHOCTH HM CTPYKTYPbI. 

V3 Bcex yka3aHHbIxX (PakTOPOB MpH CONMOCTABJICHHM JaHHbIX H3MepeHHH 9J1eK- 
TpHYeECKOFO COMPOTHBJIeHHA yruieH C HX XMMHMYECKOM M NeTporpactuyecKou xXa- 
pakTepHcTuKaMu OCOGeHHO BHJHa 3aBHCHMOCTb yJeJIbHOrO 93JIeKTPpHYeCKOTO 
CONMPOTHBJICHHA OT 30bHOCTH yruieH (17%). 

K HacTOAWeMy BPe€MCHH YCTaHOBJICHO, YTO 9TA 3ABHCHMOCTb pa3JIM4Ha WIA 
yrsie pasHow crenenu yrueduKkaunu (*, *). Tax, Qa yraeH mapox J, T, IDK 
YBeEJIHYEHHE MPOMeHTa 30JIbHOCTH MOHMKaeT COMPOTHBJeHHe yruleH, a y aHTpa- 
I[MTOB, HaOOOPOT, MOBbILMAeT COMPOTHBJIeHHe. 

Jia Oomee nouHOrO peuleHHA STOFO BONpoca HeMaJlOe 3HAYeHHE HMEET H3y- 
YeHHEe BJIMAHHA MUHEepaJiOrMyecKOro COCTaBa MHHEPaJIbHbIX MIpHMeceH Ha YJleJIb- 
HOe COMpOTHBsIeHHe yrvien. 

B HacToselH CTaTbe, H3ularaloTCA Pe3YJIbTAaTbI MPOBECHHbIX aBTOPOM paOoT 
10 H3Y4eCHHIO BJIMAHHA MHHepasOrMyecKOrO COCTaBa MHHEepaJIbHbIX IIpuMecel 
Ha 9JIEKTPOMPOBOAHOCTbh HHIPeMHeHTOB CyYaHCKMX KAMeCHHbIX yrvieH MW ,aHTpa- 
I[HTOB. 

Yrau Cyyancxoro Gaccelina coepKaT OueHb OONbIUIOe KOJIMYECTBO MHHEPaJIb- 
HbIX IIpHMeceH, OT MpHCyTCTBHA] KOTOPbIX 3HAYHTEJIbHO MOHW2KAeTCA KAaYeCTBO 
yruia. 

Tlo cofep2kaHnio 30JIbI CyuaHCKHe YIM MOApassesAoTcA Ha pw rpynnpi: 
1) Mas0307IbHBIe, Cozepxamne OT 7 M0 20% 30.1; 2) c MepeMeHHOH 30JIbHOCTHIO, 
u3MeHsAtomeica oT 7 Wo 40%; 3) BbICOKO3OJIbHbIe, HO C MOCTOAHHOM 30JIbHOCTHIO 
oT 20 go 45°/,. 

Bce MHHepaJIbHbIe. KOMMOHEHTHI B YIvIAX MO XapakTepy CBOero OOpasoBaHus 
pasfem1oTCH Ha ayTHreHHble MH TeppHreHHble. Cpeyqu ayTHTeHHbIX MHHepaJIOB 
BbIAeAIOTCA CHHTeHeTHUeCKHe HW SMMreHeTHUeCKHE. 

CuHreHeTHyecKHe MHHEPaJIbI MpeACTAaBJICHbI KAOJIMHHTOM, KaJIbILMTOM, Cuye- 
PpHTOM. OnnreneTwueckKve — KaJIbILHTOM, pPe2%Ke KBapllem. 

CwHreneTuyeckhe MHHepaJIbl pe3sKO mpeoOaqaior Hal snMrenHeTuuecKuMU, 
TIpH4eM MepBbIe H3 HUX ABJIAIOTCA HaWJIYYLIMMH NOKasaTeIAMH TOM Cu3HKO- 
XMMMYCCKOH OOCTaHOBKH, B KOTOPOH OHM OOpa30BbIBaJIHCb. 

Teppurenuple MHHepaJibI (KBapll, KHCJIBIC MwlarvoKsasbl, TIMHHCTOe Belle- 
CTBO) BCTPeyaloTCa B YIVIAX B HE3HAYHTEIbHOM, KOJIMUeCTBE H OOMbINOTO BIMAHHA 
Ha KauveCTBO yIJid He OKa3spIBaloT. [IupuT B CyuaHCKHX yrIAxX BCTpeyaerca j0- 
BOJIbHO P€AKO HM OOBIMHO B BHJE MeJIKHX 3€PHUCTHIX OOpasoBanni. 

Takum o6pa30M, OCHOBHBIMH MMHepaslaMH mpumecell cyyancKux yrvieit, 
4YTO TaKKE XapakTePHO JIA HeKOTOPHIX JPyruxX YFOJbHbIX MeCTOPpO*ReHuit 
CTPaHbl, ABJIAIOTCA KAOJIMHHT, KaJIbIMT WM CHLepuT. 

Hccneqosanua ObiIM mpoBeqeHb! Ha MOleMAX —TOHKHX MexanMuecKUX 
CMECHX YIOJIbHOrO BeeCTBa H MHHEPaJIbHbIX KOMMOHeHTOB. M3yueno 422 pas- 
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AMYHEIX MOfeIH. B KayecTBe yroubHOH MaCCbI HCIOMb3OBaICH BUTPeH U3 yrs 
mapku IDK c coOcrBeHxoli 301bHOcTbIO 1,2% u BUTpeH aHTpalNta C 30NbHOCTHIO 
1,0%. B KauectBe MHHepasbHbIX KOMMOHEHTOB OpasHCb OCHOBHBbIC CHHTeHe- 
THUHBIC COCTABJIAIONLMe MMHEPaJIbHbIX MpHMeceli yrviell — KaOJIMHUT, KaJIbILUT 
M CHeput. Kpynnoctb 3epHa KOMMOHEHTOB CMeceli coctaBaasa 0,1 mm. Oco6oe 
BHUMAHHe YJeJ1AJ1OCb TepeMelMBaHHt0 CMECH, T. €. CO3aHMIO CTpyKTYypbI, OyIH3- 
KOH K CCTECTBCHHOH, KOPa MUHEpPaJIbHble MPHMeCCH HaXOMATCA B YFOJIbHOM Be- 
UleCTBe B TOHKOJHCMepCHOM COCTOAHHH. 


a 


fo 
Q\ 
is) 


Oo 
fe) 
Q 
e) 


WCMHOE Conpormuesyenue, OM-CM 


0 102030 50 70 8090100 CGW200 50 809M 010200 50 7080910 


NQOMUHUIT Hanbyum Cudepum 
Codepwcanue muHepanbnozo KomMiaHeHma, % 


Puc. 1. Kpapbie 3aBHCHMOCTH yJebHOrO COMpOTHB/IeHHA cMecef BUTpeH — MHHepabHblit 
KOMNOHEHT OT MpOWeHTHOrO cCosep%KaHHA MMHEepasbHOrTO KOMMOHeHTA (KaOsIMHUTAa, KaJIbILHTAa, 
CHeputa) La yrieH cpequeh cTeneHu yrieduKauun (a, 6, 6) M A aHTpauuTos (a’,6’,e’) 


,CMeCH CoxKHMasINCb Nox AaBnenuem 100 xI'/cm?. IIpu stom aBsenuu mpoBo- 
JMJIMCb H3MepeHHA C TMOMOMIbIO CMelHaJIbHOH, YCTaHOBKH Ha, MOCTOAHHOM TOKe, 
CMOHTHPOBaHHOM Tak , YTOObI HMeaCb BO3MOXKHOCTh YYECTh MOMAPHSAHIO H3y- 
YaeMbIX OOPasIlOB. 

B xkayecTBe HHJHKaTOpa TOKa HCHOb30BaIcCAd MUKpOammepmetp M-9I 
comKanow Ha 10 pa. 

Pe3ysbTaTbI HCCIELOBaHHH MpeAcTaBJIeHbl B BHe rpadPuKoOB Ha puc. |*. 
PacxoxeHHe KPHBbIX OOYCJIOBJICHO HCMOIb3OBaHHeM MIpH_MCCIeOBaHHAX pa3- 
JIMUHBIX OOPa3lOB KaOJIMHHTOB, CHEPHTOB HM KaJIbILHTOB. 

B nowlyyeHHbix rpadpukax HaxOUT ceOe NOATBEpxAeHHe NOAMeyeHHAaA PAOM 
uccylefqopatesieH (7,7) H 9KCNePHMeHTaJIbHO YCTaHOBJIeHHad HaMH (°) 3aBHCH- 
MOCTb M@XK)]\yY MIPOMWCHTHbIM COJepxKaHHeM MHHEPaJIbHbIX MpHMeceH (30JIbI) u 


9UICKTPHYCCKHM COMPOTHBJIeCHHeM YyIrvieH MH aHTpalHTOB. 
| 


| * Tlo TexHH4eCKHM COOOpaxKeHHAM, BO3MOKHO ObIIO MPHBECTH TOMbKO YacTb NOMYUeHHbIX 
KPHBBIX. 
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Ip ferasibHOM paccMoTpeHuM M ComocTaBeHHH rpaduKoB a, 6, 6 U a’, 
6’, 6 wa puc. | Ha cboue OOmleli 3aKOHOMEPHOCTH H3MeCHCHUA yAesIbHOTO CONpPO- 
THBJICHHA YrleH OT UX 30JIbHOCTM YCTaHaBJIMBaeTCA 3a4BHCHMOCTb YJleJIbHOrO CO- 
MpOTHBJeHHA yruieH OT MMHepasoruyecKoro cocTaBa 30ubI. Tak, HasWuMe MH- 
HepasioB Tpyrlbl KaowMHUTa (yLeubHOe conpoTuBseHue 10°—10’ om-cm) qaert 
pesKoe, Ha 3—3,5 nopayKa, yMeHbmeHHe COMmpoTMBseHHA yraia (puc. 1a), 
B TO BpeMA KaK MHHepasbl Ppynnbl KapOoHaTOR — KaJIbUMT HM CHepuT (yMeub- 
Hoe comporuBieHue 107—10® om-cmM) —¥H3MeHAIOT COMpPOTHBeHHe YA Ha 
1,5—2 nopsnka, a B psaye clyuaes ocTaBsAloT ero 6e3 usMeHeHHH (puc. | 6 H 8). 

Takum O6pa30M, yCTaHOBJIeEHHad PaHee 3AKOHOMEPHOCTb H3MeHEHHA COIpo- 
THBJICHHA Yrsleli OT HX 30bHOCTH OJKHA MPHHHMATbCA C HEKOTOPbIMM OFOBOp- 
Kami. B Tom calyyae, CCIM yrOb 3arpxASHAeCTCA B OCHOBHOM I'VIMHHCTbIMH MHHE- 
palaMU THMa KaOJMHUTAa, ero COMpoTHBeHHe OyJer 3HaYHTebHO YMCHbIMAaTbCA 
Wlaxke [IPH CPpaBHHTeIbHO HeOOJIbUIOM IIPOLeHTe MHHEPaJIbHbIX MPHMeCceH, eC 
Ke 3arpA3HeHMe UMeT 3a CueT KapOOHATOB THA KaJIbILdaTa — CHJlepHTa, M3Me- 
HeHHe COMPOTHBJICHHA yrs OyMeT JHUIb B TOM CyIy4ae, CCIM 3arpaAsHeHHe IIpo- 
W300 Govlee MPOBOAAULHMH pa3HOCTAMM KaJIbIHTa WH CHepuTa, — B MpOTHB- 
HOM CJlydae COMpOTHBJIeHHe yrvid OcTaHeTCA Oe3 H3MeHeHHH. 

Paccmotpeuue rpadukos Ha puc. | a’, 6’, 6’ TIpHBOAMT K BbIBOLY O BIMAHHU 
MMHepasIOruyeCKOrO COCTaBa MHHepaJIbHbIX MPHMeCeli Ha COMPOTHBJIeHHe aHTpa- 
muTos. M3 puc. 1a’ BuqHO, uTO yBeIMYeHHe COepxKaHHA KaOJIMHHTA B IIPHMeCcH 
He TOJIbKO MOBbIMaeT COMPOTHBJICHHe AHTPallHTa, HO B pAJe ClyuaeB eo MOHH- 
xkaeT. He3HaunTesbHble H3MCHCHHA COMPOTHBJICHHA AHTPaluTa MOryT ObITb OOB- 
‘ACHCHBI JOBOJIbHO OJIM3KUMH 3/[eCb 3HAYCHHAMM YJICJIbHbIX CONPOTHBJICHHH aH- 
TpaluTa MW KaOJIMHHTA. 

Puc. 1 6 uw 6 mOKa3bIBaIOT, ITO H3MeHeHHE YeMbHOTO COMPOTHBJICHHA aH- 
‘TPallHTOB MpOHCXOAUT PaBHbIM OOpa3oM 3a CueT MHHEepaJIOB Fpyibl KAapOOHATOB 
‘KaJIbluuTa HW CHeputa. 

Mcxola 43 3TOrO, MOXKHO CKa3aTb, YTO 3arpA3HeHHe AHTPallHTa [IMHUCTbIMU 
MHHepaJlaMH THNa KAOJIMHHTa MpaKTHYeCKH He H3MEHHT €FO CONPOTHBJICHHA, B TO 
BPeCMA KaK YBeHYeCHHe HaJIM4uHA MMHepasOB rpynnbl KapOOHATOB KaJIbILMTAa 
MU CHJepHTa H3MCHACT COMPOTHBJICHHe aHTpalluTa Oosbue, YEM Ha MOPAOK. 

IIpopeqeHHble HCCIeQOBaHHA MOKa3aJIM 3HAYMTeJIbHOe BJIMAHHe MHHepavio- 
THYECKOPO COCTaBa MHHepaJIbHbIX MPHMeceH Ha YebHOe COMPOTHBJIeHHE yrvier. 

M3mMeHeHve yebHOrO COMPOTHBJICHHA MPH M3MeCHCHHM COepxKaHuA MUHe- 
PaJIbHbIX MPHMeceH MpOMCXOAUT B YIJIAX CpeqHe CTemeHH yruie*buKaluH TiaB- 
HbIM OOpPa3OM 3a C¥UeT MPHMeCH MHHEePaJIOB TpyMMbl KAOIMHUTa HM HanOosee mpo- 
BOMAMMX Pa3HOCTeH KaJIbUuTa HM CHepuTa, a B aHTPalluTax —3a CueT KaJIb- 
UuTa HW CHfeputa. 


Jla6opaTopua reojoruu yrasa Tloctynuso 
Akalemuu HayK CCCP 12 IV 1958 


UMTMPOBAHHAA JIATEPATYPA 


1B. B. Ppeuyxuu, Passenka nu oxpana negp, Ne 5, 43 (1957). 2 H. B. Lopr | 


Mau, Jlucceptauus, BCEDEN, JI., 1956. °C. A. Tomopen, JAH, 118, M1 (1958). 
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Jlokxann Akayemun nayx CCCP 
1958. Tom 122, N 2 


ITET POF PA®H ff 


Uaen-koppecnonjzent AH CCCP I. Ii. BYTHAKOB u A. HW. NOJIMHKOBCKAA 


MCCJIEMOBAHHE BYJIKAHHYECKMX BOAYCOAEP)KALINX CTEKOJI 
WM MNPOAYKTOB WX BCHYYHBAHKS 


Bompoc 0 werKux NOpHCTbIX MaTepHasax 3a MOCMe_HNMe Tos MpuoOperae;r 
Bce OO/Ibulee 3HaYeHHe B TCXHHKE HM HapOAHOM xosalicTBe. Cpegn mpupowHbix 
MaTepHaJ1OB, KOTOPbIe MOryT ObITb HCNOMb3OBAaHbI IA NOMYYeHHA JIerKOBeCHbIX 
H3IeMH, OOMbUIOe 3HAYEHHE AOJLKHbI MpHoOpectu BoAycosep2xKaulMe BYMKAaHH- 
yeckue cTeKJia (OOcHAuaHbI, 
MepJIMTbI, MeXuITeHHbI), 3a- 
meu KoTOpBIxX B CCCP _ Hekotoptie cpoiicrsa nepsutossix nopog Ipumopcxoro pax 
OYe€Hb OOUIMPHHI. 

HccnenoBanuem m10100- Mecropox- O6temu.| Orne- Uuteps 
HbIX BYJIKAHHYCCKHX TOpoy menue Tlopoxa Bec, |ynopH.,| pasmMa-u, 
3aHMMalOTCA CpaBHUTe/IbHO ie en i Bor: 
HelaBHO. IJepBpie padoornl B 
3TOH OONAaCTH ObLIN BbIMOJIHe- 


Ta6anua ft 


Boronodb-| Uepuemi mepmut |2,34 |1360 | 1010—1270 


ee PUBCT CRIME SiGe cxoe | Senenbli nepmut | 2,17 [1330 | 1070—1270 
('-%). 3a mocnequue rogpl Cretvi0-3es1enbtit 
pa, HHTepecHbIxX paooT moa- nepwuT Dee tS 20e O40 = 40 
BUJICA HB UHOCTpaHHOt au- CePrHes | Bynkanuueckoe 


teparype (4, °). B nacroamee ckoe CTeKJIO 2,01 = 1180—1280 


BpeMA paclIMpHJIHCb HCCc/Ie- 
WOBaHHA BCMYYMBAaIOULHXcA 
BYJIKAHHUeCCKHX CTCKOJI,4Me- 
}OLULHe B OCHOBHOM MpakTHyeckoe 3HaueHne (°, ”). By tkanuueckue BoLycoqepxKa- 
[He NOpoAL B Mpomecce OOx*KUra MPH BHICOKHX TeMIepaTypax CHJIbHO yBeIHUH- 
BaloTcA B OObEeMe, MpHOOpeTan memM3000pa3Hylo CTPyKTYpy, H MOFyT CJY2*KUTb 
BaNOJIHHTeIeEM TeMMIOM3OIAMMOHHBIX MW JIEPKHX O€TOHOB, Tem0- HW 3BYKOH30/A- 
{MOHHbIX wITyKaTypOK. JlaHHoe ucCeqOBaHHe NOCBALLEHO NePJINTOBbIM NOposxaM 
HeEKOTOpbIX MecTopoxeHHH IIpumMopcKoro kKpaa, pasBewaHHblx I]pumopcKum 
-TeoIOrHyeCKHM ympaBseHHeM. OObeKTaMH HCCJICNOBaHHA ABHJIMCb OOPasilbl ByJI- 
KaHHMueCKHX MOpoy BoronombeKoro mMecTopoxeHua KaBasieposcKoro pahonua — 
mepsuTbl 3eeHOro HW YepHOrO BeTa, a TaKxe Maslo3soBcKoro yyactKka Ceprues- 
-ekoro mectopoxzenua Ilapru3anckoro paiiona. Xumuueckuli cocraB u CBOlicrBa 
“HEKOTOPbIX H3 HCCJICHOBaHHbIX OOpasWOB NpHBesenbI B TaON. | u 2. 

Jina nepautopprx nopox BoronospeKoro mMecTopoxeHuA XapaKTepHa Nop- 
cupopaa crpyKtypa*, OHM mpescraBsIAIOT COOOH OKPaleHHY!O CTeKJIOBHAHYIO 
-maccy C BKpamJeHveM KBaplla, MiarMoKs1a3a, Ka/IMeBOrO MOeBOrO uIMaTa H He- 
KOTOPbIX ApyruX MMHepasoB. OCHOBHaA MaCCa COCTOMT M3 CTeKJIa, pasOuTOrO 
OKPYTJIbIMH TpeuLMHaMH Ha MHOxKeECTBO AYeeK (puc. | a), T. e. XapaKTepH3yerTca 
)THNHYHON MepJMTOBOH CTPYKTYPOH. OTH TPeUMHbI OUCH TOHKH, BbITIOJIHATIOLIee 
UX CTeCKJIO B 3HAYMTeCIbHOH Mepe 3aKpHCTaNM30BaHO. B ocHOBHOH macce Me- 
CTAMH BUI KPHMTOKPUCTaMYeCKHe BbIAeICHHA KPeMHesema, MepexosAuHe 
MHOra B CPepomHTHE XamuenoHa. B yepHom nepauTe mMecTamu HaOvoqaerca 


* Vureppal pasMsaruenua onpezetasica mo Temmepa- 
TypaM Hayavla H KOHUWA CKJIOHEHHA MHpPOCKONOB. 


* MuxkpoaHanu3 BbinonmHed H. C. Manyitsosoit. 


i 
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Xumnueckuii cocraB nepsuToBEIx mopox II[pumopckoro kpaa 


Xumuueckuh cocTaB, % K CyX. Bell. 
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(puiovlasibHad CTPyKTYpa, B efO OCHOBHOH Mac- 
Ce COMepxKUTCA OFPOMHOE KOMHYCCTBO TCMHbIX 
MUKPOJINTOB, 4eM OOYCOBMBaeTCA UX Oosee 
TeMHAA MO CpaBHeHHIO C 3eJICEHbIMH OKPaCKa. 

CreneHb KpHCTaJJIM3alHH OCHOBHOH MaCCbl 
3e@JICHbIX II€PJIMTOB, a TAK%KE KOJIMYeCTBO H 
pa3sMep BKpalvieHHH MeHbUIe, EM B YePHbIX 
mepuutax (puc. | 6). 

ManosopcKuH mnepJiMT XapakTepH3yeTcA 
MepsHTOBO-(pONaIbHOH CTPYKTYPOH; OH 
OTMMYAeTCA OT OCTAJIbHbIX OOPa3OB MpHcyT- 
CTBHe€M 3HAUHTeJIbHOrO KOJIMYeCTBa CiepouH- 
TONOMOOHBIX CKOMICHHH MHHepasa, OOaqaro- 
mero JOBOJIbHO BbICOKHM JBYIIPeJIOMJIeCHHeM, 
uTO, TaK Xe KaK H CHJibHad 3aMyTHeHHOCTb 
3THX OOPa30BaHHH, MOKa3bIBaeT Ha HaVaBLUIeeCA 
BbIBeTpuBaHve. BkpamieHuaA B 9TCH moposze 
COCTOAT B OCHOBHOM H3 MOJIeEBbIX WIMaTOB —— 
opToksla3a u narMoKa301 TloKasaTetb mpe- 
JIOMJIGHHA OCHOBHOH Maccbl CTeKJIa OJIM30K 
WIA BCeX HCCJICMOBa} HbIX OOpa3lOB HW COCTaB- 
JiseT Jia OOFONOMbCKUX NePJIHTOB: AVIA wep- 
Horo NV = 1,495 ++ 0,003; ana 3eneHoroN = 
= 1,498--0,003; a1 Mano3oscKxoro N—1,501+ 
—+0,004. 

TlepmuToppre noposbl coqep2xaT BOY, ya-— 
JIAIOULYIOCA B OMNpeeJICHHOM HHTepBale TeM-— 
nepatyp. IIpu nocreneHHoM mojbeme Temme- | 
paTyp, Kak STO BHHO Ha pu. 2, /, IpH TeM- 
nepatypax 100—450° umeetca sHyoTepmuue- 
ckult acdext. OOpamjaer Ha ceOa BHHMaHue 
TOT (bakT, 4YTO HMeCHHO 93THM TemMmepaTypamM — 
COOTBETCTBYe€T MaKCHMaJibHaA MOTepaA Beca- 
o6pasna (puc. 2, 2). [loqoOunpnli sHyoTepMu- 
yeckHH adpcdekT Hadsoqaerca Ha TepMorpaM- 
MaX BC€X HCCJICOBaHHbIxX OOpa3ilOB MepJIHTOB, 
TIPH4YeM OH HMeeT MECTO IPH Tex 2»%e Temmepa- 
Typax. OOHapy2xKeH OH Tak>Ke JIA 3e7eHOrO 
MepJIMTa, OUMULeEHHOrO OT BKpanweHni. Oyna- 
KO Ha TepMOrpaMMe 9THX BKDPalWICHHH, BbI- 
JeeHHbIX H3 YKa3aHHOrO NepJuTa, NOLOOHHI 
adpdekT orcyTcTrByeT. OTo jaeT OCHOBaHHe 
IIpeANOJIOXKUTh, YTO NepBLI SHLOTepMUYeCKHH 
odctekT MpHCylu, HMe€HHO CTeKJIOBaTOH Mmacce 
nepJIMTa MW CBA3aH C ylaJieHHeM COsepxKa- 
meHcA B HeM BOJbI. AHaJIOrMuHbI XapaKTep. 
TepMOrpaMMbI HaOofaeTcaA y 3eeHoroO nep- 
JMTa, W3 KOTOPOrO MpesBapHTesbHO pH Ha- 
rpeBe Jo 200° 6bi10 yaaneHo 2,5% Bospl. 

Ha HekOTOpbIx TepMOrpaMMaX HMEIOTCA B 
uHTepBase 700—900° He6oubumMe SHOTepMH- | 
yeckHe HM 9K30TepMHYeCKHe apeKTHI, KOTO- 
pbie, ObITb MOxKeT, CuIeyeT OTHECTH 3a CUeT 
KPHCTAIIH3awMH CTeKJIa WH MpOMCXOMAILHX B 
HeM WJM BO BKpallJIeHHAX MpeBpanujenHih. Ha 
TepMOrpaMMe BCMyYeHHOrO NepsuTa OTCyTCT- 
BYIOT TepMuyecKHe apdbeKTHI. | 

IleputTb pu Harpepe Jo onpexenenHont 

| 


TeMNepaTyPbl TepAIOT CTporo ONpeleeHHYy!O YaCTb BOM, KaK 9TO BHHO Ha 
puc. 3, re noKa3aHa 3aBUCHMOCTD MOTepb MPM MpoOKaIMBaHHH OT Temmeparty- 
pbl Harpesanua. 

Uactb yanewHoli Boxbt cpaBHuTenbHO werKo BHOBb Mormouaerca mep- 
JIHTOM BO Bula2KHOH Cpee MpH HOPMaJIbHOM JlaBsenuu. TIpu HarpeBaHHu JO 
1000° nepaur Tepset rurpockonnunocts, u CONep2KaHHe BOJbI B HEM MOCVIe HaCbI- 
ULCHMA COCTaBAeCT BCero MuUIb 0,034% (Tabu. 3), 


Puc. 1. @— mMuxKpoctpyxtypa Nepauta” Boronompekoro MecTopoxeH4s; 6 — MuKpocTpyK- 
rypa nepnuta C BKpanweHvemM Kapila; 6 — MHKPOCTPyKTypa BcMyyeHHoro Mepsuta. 30X, 
6e3 anamu3aTopa 


te 


_ M3noxennoe nogTBepxklaer, uTO BOMa, MpPHCyTCTByONad B MepmuTax, Ha- 
KOMUTCA B Pa3JIHMUHOH CTeMeHH CBASHOCTH, UTO COOTBETCTBYeT JaHHbIM, MOJly- 
ICHHBIM OMpeAeCHHeM MOPOWeHHA B HH(PpakpacHow uacru cnextpa (°). 
TexHOuOrMyueckas CXe€Ma MOJIYYeHHA BCMYYEHHOrO MepsUTa CBOHTCH B OC- 
IOBHOM K ApoOseHHIo HW pacceBy NOposb HU ee BCMYYNBAHMIO Mpu OOx«ure. Yec- 
‘AHOBJICHO, UTO MHHMMAVJIbHbIM OOLEMHbIN BEC BCIYYeCHHOFO NMepsuTa noyuaerca 
IDPH ABYXCTYMeHYaTOM OO KHre, NPHYeM MepBbI STAM COCTOHT B yaNeHHu «H3- 
ITKA» BONbI. [I]pucyrcTrBue «H36bITOUHOH BOAbIy MPHBOAUT K YBeJIMYeHHIO Tpe- 
WHHOBATOCTH, a TAK2Ke MOBbILMCHHIO OObCMHOFO BeCa, YTO OTUECTJIMBO BHHO Ha 
ic. 4. 
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Tlo smrepaTypHbiM JaHHbIM, WIA BCIYYMBaHHA MepsMTa AOCTATOMHO MPH- 
cytcrsua 1,2°/, (°) Bob, HO Hau MCCeqoBaHHA NoKasalH, NTO pon 
COfepxKaHHA BOMbI MpH BCIHYYMBAHHH pPasIMYeH MA OTACABHbIX OOPasilo 

MepsuTa; IA HCCeEOBAHHbIX MepJIHTOB 
Ses: rf OH cocTaBideT 1—4%, yasieHHe «HC- 
oe Pe i GAB ea nernoue- ObITKAY BOLbI Mpoucxoguso mpx 380— 


HHeM B/larH pH HOpMaJIbHOM JlaB.eHHH 500°. BenyuuBanue MpHMOpcKHx nepJin- 

TOB HPOHCXOAMT Mp KpaTKOBpeMeHHOM 

Temnepatypa |rIorepu p pece,| BOMOHacwiule- (1—10 mun.) HarpeBe 3epeH NOpobl pas- 

Beads be % 7 cyTOR, % mepom 0,5—l0 mM mpH TemnepaType 

1100—1250°. 

Xumuyeckuli cocTap s3e/leHoro Tep- 

100 1,63 1,63 gta nocJie BCnyYHBaHHA (B %): SiO, 

200 3,34 1,68 TROL AI,O3 13,06; “THHO,O 200g 

ay ae rhe 1,30; FeO, 0,48; CaO 1,22; MgO 

500 8°65 1'38 0,50: NaO 3,58; KO 2,03; SOx 
600 6,70 1,35 0.03: om. text. 0,25: 

700 6,84 1,10 Hexoropsie cBolicrBa BCMy4eHHOro 

ae oe nace nepmuTa: OOBeMHbIf Bec: B Kycke 0,6— 


0,8 r/em’, B 3acbinke 0,25—0,40 r/cm?; 
nopuctocth: o6ujat 57 —72%, sakpbitaa 48—67% ; BOZONOrOWeHHe Ha XO/Oy 
yepe3 24 uy. 24—13,2%. 

YilebHbIH BeC MepJMTa NOHMxKaerca nocme BCMyYMBaHUuA Cc 2,16—2,35 Bo 
2,13—2,20 r/cm®. TenmonpoBofHocts cmecu, cocTosel us 34% sepeH pas3- 


Yo 
is) 
& 8 
7 t ed 
To 
20> a 
40 & 
Z 60 S 2 


WO 300 500 7 20°C gQ 700 60 600 800 °C 
Puc. 2. Tepmorpamma (/) u kpueaad ToTepH 
Beca (2) NpH HarpeBaHHH 3eeHOrO Meputa, 
CHATbIe Ha mpHOope A. MH. LperKxosa 
Puce. 3. Kpuspie norepv B spece Np mpoKa- 
JIMBAHHM OoronowibckHX NepauTos: J — yep- 
Horo, 2 wu 38 — 3eneHoro uw 4 — Mal030B- 
ckoro nepauta 
7 40 §0 G0 % Puce. 4. Y3menenve o6bemuHoro seca Beny- 
YeHHOTO NepsHTa B 3aBHCHMOCTH OT cozep- 
Codepxcanue Goobr 2%KaHHA B HEM BOLI Neped o6KHrOM 


mepom 10—15 um, 34% 3epex 5—l0 mm u 32% menee 5 mm, npu 30° cocrapasaen 
0,081 KKkam/M-rpay-yac. 


Muxpoctpyktypa 3efeHoro nepiuTa Moce BCNYYMBaHUA MoKasaHa Ha pucy 
16. On npegcraBnaer coOol auencTyio cTeKmOBaTylo Maccy ¢ GombuIuM KONM4 
YeCTBOM OKPYIVJIbIX NOP, CP€MHHH PpasMep KOTOPBIX CocTaBAecT OKOMO 0,25 mM} 
Iloxa3ateb NpPeCJIOMJICHHA mOoce BCNYYHBaAHHA MOHUKACTCH: HalpumMep JVI ; 
3eeHoro mepsuta —c 1,498 no 1,486. ; 

MockosckH HWHCTHTYT Ileerynuao 

MeCTHBIX CTPOHTebHbIX MaTepHasoB 12 II 1958 

WUTHPOBAHHAS JIMTEPATYPA 
1M. 1. Bomaposuu, A.A. Jleoutbespa, KOX, 8, 3 CUOS6)E 2A eA ee 
oHTbeBaA, Tp. Mucr. reon. nayx AH CCCP, 8. 5, merporpah. cep., NM 4, 35 (1938) 
711.1. Byouuxos, A 1. Bo6pospunk, Kepamuxa, Nd 9, 19 (1939)240 4 47 Cay 
Taylor, Chem. Eng., 57,1,90(1950). 5 H.C. Persons, Rock Prod., 58, Ne8 
146(1955). ° B. TI. Ietpos, Passeqxa w oxpana wegp, 21, Ne 3, 2 (1955). 7A. A 
Mep3a19k, Wndopm. Gionn Uncr. Tennonpoext, N 5 (10—11), 26 (1957). & W. Di 
Keller, E. E: Piekett, Am: J, Seteoseeay (1954). - 
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Hoknann Arnanemun Hayk CCCP 
1958. Tom 122, Ni 2 


ITAJIEOHTOJIOIH fl 


B. E. PY)KEHLLEB 


ABA HOBbIX POJA FOHHATHTOB B HW)KHEM HAMIOPE 
FOOKKHOPO YPAJIA 


(ITpedcmasaeno axademuxom H. M. Cmpaxcesim 10 V 1958) 


FlomOapcKuit u3BeCTHAK, MpeNCTaBAAIOULM CaMYy!0 HWKHIOIO YaCTb HaMiop- 
CKOrO Apyca, COM€PKUT HCKJIOUHTeEJIbHO OoraTble CKOMJICHHA AMMOHOHJEH, KO- 
TOPbI€ HMECIOT BaxKHOe 3HA4eHHE AVIA NOHMMAHUA OObeMa HW OMpeeeCHHA HMKHeH 
TrpaHulbl sToro sApyca. Hapsyy c aByo u3pecTHbimu pogamu (Metacanites; 
Praedaraelites, Neoglyphioceras, Lyrogoniatites, Girtyoceras, Sagittoceras, 
Ferganoceras, Cravenoceras) B JOMOapCKOM H3BeCTHAKE Halie@HO MHOFO HOBbIX 
PpOWOB, YaCTHYHO yoKe ONMCAHHbIX B paHee OMYyOJIMKOBaHHbIX paGoTax (! °) 
sto — Khipaeocanites, Megapronorites, Uralopronorites, Irinoceras, Platy- 
goniatites, Dombarites, Kazakhoceras. OnHako mpuBeeHHbIM CIHCKOM He HC- 
yepmbiBaeTcaA BCe MHOrOOOpa3ve AOMOapckKHx aMMOHOHeH. Hue Jano onuca- 
HHe JByX HOBbIX POJOB, Pe3KO OTJIMUHbIX OT BC€X YXKE H3BECTHBIX TOHHATHTOB. 


Pox Rhymmoceras Ruzhencev, gen. nov.* 


Tum poya-—Rhymmoceras vermiculatum gen. et sp. nov. 

JLuaruos3. Pakopuna MaleHbKad, 9BOJIOTHAA, C OOJbIUUM yMOO, O6paso+ 
BaHHad vepBeoOpasHbimMu OOopoTaMH. CxyJibiitypa peskasa, CeTuaTan, CocTOAuaA 
M3 MOMepeuHbIX MW MpOMOMbHbIX peOppuueK. EcTb nepexHMbI B KOJHUeCTBE Tpex 
Ha oOopor. Bcex momacteli Bocemb no dopmyvie (V,V,) LU: ID. Beutpabuaa 
oMacTb HeWIMpOKas, cao pacuJIeHeHHaA, C HH3KHM CPeMHHbIM CeVIOM, 

Det. O.B Os .C.0 CTA B, YcTaHOBJIeHbI Ba Ba, KOTOPble ONMNCaHbI 
HIKE. 

O6Omue 38ameuauHua. CucTematTuyeckoe nosloxKeHHe HOBOTO pojla 
BbIACHACTCA B P€3YIbTATe CPaBHeEHHA ero C MpeACTaBUTeAMH COCeqHUX rpynn. 
On oTmuuaeTCaA OT HOMM3MOLlepaTHA OTCYTCTBHeEM KUJIeOOpa3HOro BeHTPaJIbHOrO 
BbICTYMa, Ce€TYaTOH CKYJIbNTYPOH, Y3KOH BeHTPaJIbHOM JOMaCTbIO, OT TOHMAaTH- 
TH, — COBEPUICHHO HHO (OpMOH PaKOBHHbI WM JONACTHOH JIMHHM, OT KPaBeHO 
tepaTuy —cbopmol pakoBuHbl M ceTuaTOH CkysbnTypou. Or Bcex mpefcTaBu- 
teneli cem. Neoglyphioceratidae HoBbIlt pox TOxe OTIMUAaeTCA (OpMOH pakOBH- 
HbI, OCOOCHHO — OUCHb y3KHMH, YepBeocOpasHbiMu OOOPOTaMH, HO COJIMxKaeTCA 
C H€KOTOPbIMH H3 HUX MO XapakTepy CKYJIbIITYPbI M MO THITY MOMACTHOH JIMHHH. 
Tlostomy On JOuKeH ObiITb BKJIOUeCH B COCTaR STOFO CeMeliCTBa. 


Rhymmoceras vermiculatum sp. nov. 


Tonotun —ITHH Ne 455/425. 

@®opma (pune. 1 a—d). BextpanbHasa Hu CoKOBbIe CTOpOHHI OOpasyror esH- 
HY!O BbINyKJyIO MOBepXHOCTb. BeuTpo-saTepasbHbIM WM YMOOHAJIbHBIM KpaA 
cOBepwieHHO He BbIpaxKkeHbl. WIupuna oOopoTa NouTH B ABa pa3a MpeBbluaeT 
BEICOoTY. YMOO oO4eHb WHMpOKOe, CTyMeHuaToe. 
| * Or natuuckoro Rhymmus fluvius — pexa Cxudckas, Bnagaoman e& Kacnuiickoe mope, 
atakxe Rhymmici montes (Bepoatuo, Ypan) (Jlatuncko-poccuiickuit ekcuKOH Kpoueepra, 
l841). ° 
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Pa3meppi yi | B mW fy B/A WA Ay/A W/B 


Ne 455/425 16,8 3,6°'7,0 9,5 0,24 0,42 0,57 1,94 
Ni 455/426) 12,8 3,3° 6,0 16,27°0,26- O47 0,48> 1 82 
12,8. 3,3 6,2 66;4q20, 26:9 054890; 00m 0 
Ne 455/428 8.5 2,5 | 5, Ocudy Sek, 200, 9) GO ma e300) 
5 2 O88 0 2,0 0300 oo ene 


Cxkyapbutypa. IlopepxnHoctb pakoBidHM MOKpbiTa MOMNepedHBIMH Ui 
TIPOMOMbHbIMH PeOPbILIKaMH, KOTOPbIe PaSBHTbl MPHOMM3HTebHO B PaBHOk 
cteneuu. Ilonepeunpie peOpbiluku OT yMOOHaJIbHOrO WIBa HAyT HeMHOPO Ha3aj, 
Ha OOKOBOH CTOpOHe OOpa3yioT CaObIit CHHyC HM Ha BeHTPasbHOH — HeOO/bUION 
BHICTYM BMepe C ele YJIOBMMbIM CHHYCOM B CpefHeH 4aCTH. IIpofoububix peOppl- 
mek 30—34; B6O1M3H yYMOOHaJIbHOrO ImBa HB CpeHel 30He BEHTPaJIbHOM CTOPOHBI 
OHM ocsa6eBator. IlepexuMbI OTUCTJIMBbIC H COMPOBOXKMaloTCA BaJIMKaMH, KOTO- 
pble YCHJIMBAIOT UX 3aHW CKJIOH; H3OrHYTbI OHH MOOOHO MOMepeyHbIM peOpsiL- 
KaM. 

JlonactHasa auuUaA. (pac. 2 a). BentrpatbHad sonacTb y3Kaq, 
COcTOAL{aH H3 JBYX OCTPOKOHCUHBIX BeTBeH, Pa3eJICHHbIX CeVJIOM, BbICOTa 
KOTOpOrO Goslee 4eM B Ba C MOJIOBHHOM pasa MEH! We BbICOTbI MepBOro Hapy2xXHOFO 
cena. Hapyxuaa OoKoBad JOMaCTb KOJIOKOJIOBUAHaA, HECKOJIbKO aCHMMETPHU- 
Had. YMOOHaIbHad OMaCTb WIMpOKasc, HeryOoKan, BOpoHKOOOpasHad. Jfop- 
CaJlbHad H BHYTPeHHAA OOKOBaA MOMAaCTH JOBOJIbHO WIMpOKHe, CKOpee KYMOJIO- 
Bugubie. Tleppoe Hapy2xKHOe CeO OKpyrvleHHOe. 

MectrounaxoxJeuue. 27 2k3emMIApoB HaliqeHbl B AKTIOOHHCKO 
o61., B Gacceline p. /Kaxcpi-Kaprasa, mo npaByto cropony p. J,omOap, B OCHO- 
BaHHW HW2KHCHAMIOPCKUX W3BeCTHAKOB. 


Rhymmoceras gracilentum sp. nov. 


Toaotunua —THH Ne 455/452. ) 

®Mopma (puce. | e—s). OOopoTH CHIbHO ynulomjeHHble. Beutpastbyas | 
cTOpOHa BbINykJaat, OoKOBbIe — Ooulee nockHe. BenTpo-JlaTepaJIbHbId Kpal He 
BbIPaxKeH, YMOOHAJIbHbIM — Hameuaetca. LupHHa oOopoTta suub HeMHOre 
nipeppuuaeT BEICOTY. YMOO OUeHb IWIHpPOKOe, CTyMeHyaTOe. 


P23 >pbl vs BH’! Ny BE” Wy Wg] nny B | 


AN eZAaysy Paya, Uy Ey aK) Oees (ORI OMA Ale ae 
Ne 455/494 15,3 4,3 5,0 7,8 0,28 0,33 0,541 1,16 


Cxyabutypa. I[lopepxuocrh paKoBHHbI NOKpbITa NOMepeuHbiIMu ¥} 
MPOROJbHBIMH peOpbILUKaMU, KOTOPbIe Pa3BUTbI B OOULEM B PaBHOH crTeneHy . 
Tlonepeynpie peOpblluku OT yMOOHAaJIbHOrO IBA Cpa3y CHJIbHO YKJIOHAIOTCA Bre-. 
pel uv oOpa3y1oT OOM OOsbUION BbICTYM, OCIO2KHEHHDIH C1aObIMH OOKOBBIM H BeH 
TPaJIbHbIM CHHycamnu. ITposombubix peOppimeK OKONO 25; OHH OCMaGeBatoT C NpH 
Ou1mKeHHeM K yMOOHaJIbHOMy wBY. TlepexKuMbI OTUeETIIMBIC MH COMPOBOARAatore 
BaJIMKaMH, KOTOPbl€e YyCHJIMBalOT HX 3aHHM CKJIOH; M30PHYTbI OHH NOJOOH 
NOMepeuHbIM peOpbikKaM. 

JIonacTtTHasa auuua (puc. 2 6). Bentpanbuaa monacTb He o4eHE 
WIMpOKast, COCTOAMLaA H3 JBYX OCTPOKOHCUHBIX BeTBeH, Pa3AeJICHHBbIX CeVIOM, 
BbICOTa KOTOPOrO B Ba C MOJIOBHHOM pasa MeHbUIe NepBoro HapyxXHOrO cela 
Hapyxuas OoKxoBad somacTbh yxKe M KOPOUe BeHTPaJIbHOH, NO PopMe KOMOKONO 
BulHad. YMOOHaIbHad JIOMAaCTh MaJleHbKad, BOPOHKOOOpasHaa. BuytpeHuio 
4YaCTb JIOMACTHOH JIMHHH HCCJIEOBaTb He yawlocb. | 

CpaBuHeuue. Oror Buy merKo ormmuaerca or Rh. vermiculatum 6onee 
MMOCKOH PaKOBHHOM HM Y3KMMH OOOPOTaMH; OTHOMeHHe LWHPHHbI o6opota ¥# 
BEICOTe ocruraet TObKO 1,13—1,16 Bmecro 1,82—1,94 y panee onncannore 
Bula. J[pyruM BaxkHbIM OTJIMYHEM CJLY2KUT HaNpaBsenue nomepeyHEIx peOppimer 
MH M€pe*KHMOB, OTPaxkalomlux dopmy yctba. Y Rh. gracilentum onu cunbH 
CMCIICHbI Bepel, OOpasyst BeHTPaIbHbIM BLICTyn, a y Rh. vermiculatum Ipo! 
XOJAT B OONLEM palMaJIbHO. | 
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c. 1. a — 0 — Rhymmoceras vermiculatum gen. et sp.nov. (3%): a, 6 — ronotun N 455/425; 
2 — Naparrn Ne 355'426, 0 — napatun N2 455/427; p. omOap; e — 3 — Rhymmoceras gta- 
ntum gen. et sp. nov. (3X): e, #¢ — ronotun Ne 455/452; 3 — napatun N 455/453; K try 
P. Kaxcoi-Kaprana; u — m — Tympanoceras trisulcum gen. et sp. nov. (290) 
napatun Nb 455/458; coxpanuocb ycTbe; 2 — m — ronorun Ne 455/459; p. Jlom6ap 


AH, rT. 122, Ne 2, PywxeHues 


MectTonaxoxeuue. 5 sKk3emnaapoB naliqennt B AKTIOOMHCKOl 
oOuI. K tory or p. )Kakcpi-Kaprama, B OCHOBaHHU HM2KHEHAMIOPCKOPO H3BeCTHAKA. 
Pon Tympanoceras Ruzhencey, gen) “nov. * 


Tun pofa—Tympanoceras trisulcum gen. et sp. nov. 

uaruo3. Pakopuna neOobmad, 2BOmIOTHAA C IIMpOKHM yMOO, OOpa- 
SOBaHHaA HH3KUMH, HO JOBOJIbHO WIMpOKHMH OOopotamHu. Ha mopepxuocru pa- 
KOBHHbI H€ BHHO HUKAKOH CKYJIbMTypbl. Ectb mepexKHMbI B KOJIMYECTBE Tpex Ha 
odopor. Bcex monacreli Bocemb mo dbopmyvie (V, V,)LU : ID. Bextpaspnaa so- 
MacTb, y3KaxH, ClaOO pacuJleHeHHad, C HH43KHM CpeMHHHbIM CesVIOM. 

Puc. 2. Jlomactupie awuHuH: a — Rhymmoceras ver- t : 

miculatum gen. et sp. nov.; mapatum WN 455/429 Beye ss 

mph B= 2,5 mm un JJ = 6,0 mm (3X); p. [lomOap; 

6 — Rhymmoceras gracilentum gen. et sp. nov.; na- ' 

patun Ne 455/454 npa B= 3.8 mm wu J — 4,4 mM 6 

(3X). K tory of p. )Kaxcpi-Kaprana; 6 — Tympanoce- 

ras trisulcum gen. et sp. nov.; mapatun Ne 455/461 npa ease 6 

B=4,0mm u J = 8,0 mm (2X); 2— ToT xe BHI: | 

napatun N: 455/457 npw B = 5,6 mm u J = 11,0 mm a, 

(4X); p. Lom6ap ; 2 

Bunkospow coctas. [loka u3zpecren TOKO OHH BUI. 

OOmue 3amMeuauHnua. Hospi pox serpeyaerca Ha TOM 2%Ke CTpaTH- 
TpacbwyecKoM ypoBHe, 4TO HM mpesctaBuTemu cem. Neoglyphioceratidae u 
Cravenoceratidae, k OMHOMy M3 KOTOPHIX OH MH AOULKeEH MpHHagqnexatp. To 
XapakTepy JIOMaCTHOH JIMHHM OH HE MOXET ObITb OTHECeH K KaKOH-HOO Apyrod 
rpymne rOHMaTHTOB, Pa3BUTOM B CMeKHbIX BH3CHCKO-HaMIOPCKHX OTJIOXKCHHAX. 
IlockombKy y Bcex HeorsmMdpuolepaTuy HaGoMaeTca pesKad, MpOMobHaA HIM 
ceryaTad CKyJIbnTypa, BOMpoc O MpHHayexHOcTH Tympanoceras k 3TOMYy 
ceMelicTBY OTMafaeT. CyleqoBaTeJIbHO, OCTaeTCA OHA BO3MOXKHOCTb — OT- 
HeCTH HOBbIM poy kK cem. Cravenoceratidae, y npescTaBuTeseH KOTOPOrO HMerIOTCA 
TOJIbKO MOnepeuHble CTPyHKU, HHOra OueHb CaOble. Tympanoceras oTmuuaert- 
ca oT Cravenoceras HHOH (POpMOH PakKOBMHbI (yMIOULeHHaA BEHTPaJIbHaAd CTOPOHa, 
IJIOXO BbIPAXKeHHbIM YMOOHAJIbHbIM Kpali), or Glaphyrites, kpome Toro, — c.1a6o 
pacuJIeHeHHOH YMOOHAJIbHOM sOMacTbIO. 


Tympanoceras trisulcum sp. nov. 


Tonotun —THMH Ne 455/458. 

Mopma (puc. | wu—wm.) BentpamtbHaad cTopoHa JOBOJIbHO IWMpOoKas, 
6oee WIM MeHee ymuionjeHHad. BenTpo-saTepaJbHblt Kpali He BbIpaxKeH. Bo- 
KOBbI€ CTOPOHBI OYCHb Y3KHE, BBINYKJIbIC, MIaBHO MepeXOAAMHe B YMOOHAJIbHbIe 
cTeHKH. YMOO mWHpoOKoOe, , cCTymeHyaToe. 


Pasmepbi i Bal Sy Bh PU le Te Td es 


Ne 455/457 26,0 7 Wt 423) OA) Weal OA7 a0 
Ne 455/458 21,7 6 12-4 $0. 2ee 0; SO MOn pie O cele OF 
Ne 455/459 18,5 95 10,5. 8,0 0,31 0,57 6,43; 1,84 
Ne 455/460 1 4 8.3 —6,6 0,33 0,00 044 1070 


Cx yabutypa. Iopepxuocth pakosuubl riaqkas. Ilouru y Bcex uMeto- 
IMMXCA B KOJJICKIMM 9K3CMIMJIAPOB PAKOBHHHbIM COM COXPaHHWJICA, HO axe npH 
CHJIbHOM YBeIHYeHHH He OOHAPyXKHBaeT HUKAKHX CeOB CKyAbnTypbl. Orcioya 
MO2KHO 3aKJIIOUNTb, UTO MOPJIM ObITb TOJIbKO CTPyHKH pocTa, BUAerb KOTOP Ie HE 
ynanocb. Ilepexumbl rtyOoKue, C OYeHb KPYTbIM MepeHaM H OTJIOrHM 3aHHM 
cK ionom. Hanpasuenne meperxKHMOB CBOeOOPasHO; OT YMOOHAJIBHOLO UIBa OHH HAYT 
NO, OCTPbIM YIJIOM Ha3saf, 3aTeM OOpa3yioT y3KUii ACHMMETPHUHHIA OOKOBOH CHHYC 
HM jlanee —iwupoKuli, HO CJlaOblit, MIOCKHH BeHTPaJIbHbIM BBICIYII. 


* Or matunckoro tympanum — 6apa6aH. 


JIonacTHaa aAuHHUA (puc. 2 6, 2). BenTpalbHad OMaCTb O¥eHb 
y3Kaa, COCTOALad H3 JIBYX OCTPOKOHCUHBIX BeTBeH, Pa3eJICEHHbIX CeJVJIOM, BbI- 
coTa KOTOpOroO B (Ba C MOJIOBHHOH pasa, eCJIM He Oovlee, MCHbIe BbICOTHI MepBoro 
HapykHoro cefvia. Hapyxuasd OOKOBax JIONaCTb HEMHOTO WHpe H KOpoye BeH- 
TpaJIbHOH, mo qgopme KoJOKONOBHyHaAX. YMOOHaIbHaA JIONaCTb WHpoKas, 
BOpOHKOOOpasHasd. JlopcaibHad JOMaCTb KOMbeBUAHAA, BHYTPCHHAA OOKOBaA — 
jlaHweroBuyuad. Ileppoe Hapy2kHoe CeO WIHpOKOOKPyrvieHHoe. 

Mectonaxox]eune, 17 2k3emmapos HalifeHb! B AKTIOONHCKOM 
o6., B Oacceitue p. 7Kaxcpi-Kapraua, m0 mpaByro cropony p. JomOap, B OCHO- 
BaHHH HHXKHeCHAMIOPCKHX M3BECTHAKOB. 


I]aneouTomoruueckHH MHCTHTYT Tloctynu10 
Akanemuu HayK CCCP 9 V 1958 


UMTHPOBAHHAS JIMTEPATYPA 


1 Jl. C. Iu6posnuu, Exxerogu. Bcecomsu. maneoutos. o6m., 16 (1957). * B. E. Py- 
*Keunwes, JAH, 56, Ne 5 (1947). 3B. E. Pyxeuues, JAH, 57, Ne 3 (1947). 
4B. E. Pyxeuues, Tp. Haneonton. uuct., 19 (1949) ®B. E. Pyxeunes, 
JAH, 67, Ne 4 (1949). &® B. E. Pyxeuunes, JAH, 107, N 1 (1956). 
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Joxnxagp Akayemun nwayr CCCP 
1958. Tom 122, N 2 


HHTOJOTHA 


B. TF. KOHAPEB 


O PASHOKAYECTBEHHOCTH AEP, BOSHHKAIOUIMX NYTEM 
AMKTO3A 


(Tpedcmaeéaneno, axademuxom B. A. Fueeaveapdmom 11 I 1958) 


@MusnoJorMyeckad HEPaBHOLMeHHOCTh pa3seMBWIMXCA KJIETOK OblJia NoKa3sana 
Ha MIpuMepe OAHOKJeETOUHBIX OpraHnsMos IT. A. Peuxevem (1). 4. E. Qamenropuy 
u B. B. Caerosapopon (°) yaocb HaGmolaTb pasimune Mexy KOMMVIeKCaMu 
JLOU€PHUX XPOMOCOM MO M309/IeKTpHyecKOH TouKe (MOT) B aHacbase u TemOdase 
KapHOKHHETHYCCKOLO AesICHHA PACTHTEJIbHBIX KJ€TOK. 3a MOCMeLHHE POLbI CTao 
M3BeCTHO, YTO PaSHOKAYeCTBEHHOCTL CBOMCTBEHHA H ALpaM, BOS3HHKAIOLUHM Iy- 
Tem amuTosa (*,°). Ota pasHOKaYeCTBeHHOCTh MpOABJIAeTCA B pasmepe sep u 
AMPbIWeK, B COOTHOWICHHH HW Pa3MeleCHHH XPOMaTHHAa HM KapvoOsMMCpbI, B MOWIO- 
weHHH MOT, B OTHOMICHHM Apa K kpacuTesaM u T. 2. B npeoOsagatousem Oovb- 
IUMHCTBE CJIYUaeB PasJIMYHA Me@KAY ALpaMH M0 STHM NPH3HaKaM He3HAUUTEVIb- 
HbI: OHH He BCer a MOPYT CJIY2KHTb JOCTOBEPHbIMH MNOKasaTeJIAMH Pa3HOK ayeCTBEH- 
“HOCTH. 

JA BEIABICHHA NOCTeHeH MbI NPHMeCHHJIM HOBbIM MeTO], OCHOBaHHbIN Ha 
yueTe COCTOAHHA WesoKkcupHOouyKsenHoBOH KucuoTE! (JLHK) B sgpe. Merox oc- 
HOBaH Ha cnocoOHocTH JIHK ajcopOupoBaTb HIM MeTHJOBbIN 3eIeHbIH, WIM 
IIMPOHHH B 3aBHCHMOCTH OT CTeENeHH MOJIMMePHOCTH ee MOIeKYJIbI. BpicoKonouH- 
mepHan JIHK agcopOupyer MeTHJOBbIN 3eIeCHbIN, HH3SKONONUMepHand — MMpo- 
HHH (‘). Hamu ycraHoBseHo, YTO NMPOHHHOPUUA Apa XapakTepu3yer onpe- 
J@CHHbIM STAN JeNOMMMepH3allHu, XHMMYECKOH erpagauuu u ocnaGeHusA CBsA- 
3u JIHK c 6enkamu. Ona BO3HHKAET CCTECTBEHHDIM NYTEM Kak CIECTBUE BOS PacrT- 
HbIX H3MCHCHHH WH HapylWeHWH B OOMeHE BeIILeECTB H MOKET ObITb BbISBaHa BO3JeH- 
CTBHeM Ha TKaHH pa3sMuHOrO posa chaxTopos (*). [pu stom aAfpa pa3sHblx TKaHen 
JIA TIPOABJICHHA HCKYCCTBEHHOH NMHPOHHHO*UNNH TpeOylIoT pasHUHOH CHIBI 
M MpOMOMKUTEMbHOCTH BO3MeHCTBHA ITHMH (akTOpaMH, YTO CBUeTebCTByeT 
O pa3nuuHom cocTtosHHH JIHK. 

Jina O6HapyxKeHHA pa3HOKa¥eCTBeEHHOCTH sep penapaT nocye duKcannu 
(96°/, cnupToM niu cMecbio Kapuya) nepex OKpaluMBaHveM MeTHJICHOBbIM 3ee- 
HbIM — NHPOHHHOM OOpabatTbiBaetca 1 N HCleteyesne 10—40 mun. mpu 20° 
usu 2 CyTOK BbiepxkuBaeTCA B pacTBope Kunona (mocjleqHHH MO2%KHO 3aMCHHTb 
0,5—INNaCl). nutenpuoctb 06pa6orKh 3aBHCHT OT BOSpaCcTHOFO COCTOAHHA TKa- 
Hu. Uem MOIO2%xKe TKAHb, TEM MPOMOMKUTEMIbHEe JOIKHA ObITh OOpaboTKa. Ouse 
pHOonyksJenHoBoH KucmoTh! (PHK) B MOomO,bIX TKaHAX MeLIaeT MpOABJIEHMIO 
Okpacku spa. B stom cayyae moce rugpoun3a B 1 N HCl usm Bosgeicrausx 
COJINMU MpenapaT WomKeH ObITb OOpaboTaH pacTBOpoM pHOoHyKeasbl, JIMUICH- 
HOH mpoTeomuTuYecKOli akTMBHOCTH (ppakunA C no Maxyounampyy ('°)). 

B 9ToM COOOLUICHHH MPHBOAUM Pe3YJIbTAaTbl, MOJYYeHHBIE B OMbITaX C KOXKH- 
wel vem syKoBuunt Allium cepa. AMUTOTHYUECKHE eICHHA Aep 30eCb HMEIOT 
MeCTO Ha IIPOTA2KeHHH BCero nepHoda xpaneHHA JyKOBUUbI. B nayane xpaneuns 
AMHTO3bI CONPOBOXKLaloTcA eseHHeM KJICTOK; K KOHILY XPpaHeHHA, OCOOCHHO MIpH 
—popacTraHHu JYKOBHI BECHOH, LeeHUA MpeKPaaiworca, YTO MPHBOLUT K OOpa- 
3O0BaHHIO JBYAepHbIX M MHOFOAJepHbIX KeTOK (°). 
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Visyuenve aMHT03a OMHCaHHbIM BbILIeC MeETOJOM HO3BOJIHJIO YCTAaHOBHTb CJIe- 
myrouree. 

Tlocue HenpoxomKuTeMbHOrO THpoOmu3a uM OOpaSoTKN pacTBopaMH Covel 
OHO 3 BOSHUKAaIOLHxX MyTeM aMUTOsa Aep BCera OKAaSbIBaeTCA OoOmee MHpO- 
HUHOPWIbHbIM, Yem Apyroe. IIpH yqayHo nofoOpaHHO SkKCMOSHIMM PHAposU3a 
ylaeTca MOJIY4HTb Takoe COCTOAHHe Aep, MPH KOTOPOM OHO MpOABJACT PE3KO 
BLIPAKCHHYIO HHPOHUHOHHIO, Apyroe WeMKOM COXpaHsAeT CHOCOOHOCTS ajl- 
COpOupoBaTb MeTHOBbIi 3eneHbIi (O6brmHO S—l0 MuH, AA HapyKHbIX YeWyH, 
25 —30 MMH.J1A BHYTPCHHHX; JIA pacTBOPOB Cosel CooTBeTCTBeHHO 20—48 yac.). 
[Ipu qautrenbuoli O6pa6orKe mpenapaToB KMCMOTOM MIM PpacTBOpOM Covel oOa 
apa CTaHOBATCA MMPOHHHOHJIbHbIMH. 

B cpere panee W3/I0%KeHHBIX HAMM JlaHHbIx (°) pasiMane Mey Apamu 3a- 
KO"aeTCA B TOM, ¥TO y OfHOro aqpa JLHK serye nogpepraerca H3MeCHCHHAM 
NOX BAMAHMeM JenomMMepHsyIouUX (akTOpoB, 4emM y Apyroro. Oro pasmMuHe 
M@KLy ApaMu yBeIMuMBaeTcA MO Mepe CTapeHHA TKaHH. B yacTHOCTH, K KOHILY 
XPaHeHHA JIYKOBUILbI (peBpasIb-ampesb) BOSHUKAIOLIME MyTeM aMHTO3a Apa He- 
PeUKO OOHAPY2XKUBAIOT Pe3KO BbIPAKeHHY!O Pa3HOKAYECTBEHHOCTH HU Oe3 MpesBa- 
puTembHoro ux rugposmusa. IIpu oxpauiMBaHHH MeTHJIOBbIM 3e/1eHbIM— MHPOHH- 
HOM OJHO M3 HHUX KpPaCHTCA B 3eeHbIM UBeT, Apyroe —B KpaCHbIi WIM OpaHxKe- 
Bhi. Tlocmequee, MHPOHHHOPUJIbHOe APO, COMepxKUT MeNOJMMepH3OBaHHY!O 
THK u o6napy2KuBaet BbICOKOe CPpOACTBO K MPOUHOMY 3eJIeHOMY, UTO CBUJETEJIb- 
cTByer 06 ocla61eHun cBa3u MexaAy JLHK u rucrouamu (*). C noasBjenvem mupo- 
HHHOUIbHOFO Apa KJICTKH YTPayuBaloT CMOCOOHOCTS AemuTEcH. ONM OCTAaIOTCA 
mByAyepHpmmu (puc. 1). 

Vuorga 06a apa m0 pasmMepaM OJHHAKOBBI, Yallle Ke OHO H3 HAX MeJIbue 
mpyroro. B Takux CilyyadX MHPOHMHOHJIbHBIM, KaK IIpaBHJIO, OKa3bIBaeTCA 
MeIKOe APO, KOTOPOe MbI CKJIOHHbI CUHTaTb JOYePHHM. 

Pa3HOKaYeCTBeHHOCTbh MpOABJIAeTCA C CaMOrO HavaJla BOSHHKHOBeHHA JlO- 
yepHero Apa Ha MaTepHHCKOM B BUe MMpOHMHO*UIbHOrO OyropkKa. C sToro xe 
MOME€HTA 3auaTOK JO“epHero Apa OOHAPYKUBAeT NOBHILUICHHOe CPOACTBO K Mpou- 
HOMY 3euleHOMy (pHc. 2). 

Ilnponunodusbuble ayipa vane BCero Ha3bIBalOTCA HeKH3SHECMOCOOHbIMH, UTO 
IIpOABJIACTCA B MpekpauleHHU pocta u pacnaye ux. Muorgqa MMpOHHHOHIbHbIe 
apa MMelOT MHKHOTHYeCKHH XapakKTep yxe B MOMeHT amuTO3a (pHc. 3a). 
Tloc.1e HemeHuA OHH NerpamupytorT, yTpauuBaad nupoHHHodunio u JLHK (puc. 36). 

H3102%KeHHOE BBIILe JaeF OCHOBAHHE 3aKJIIOUNTb, YTO IPH ABJICHHAX AByaAep- 
HOCTH KJIe€TOK JOUePHHe Apa, BO3HHKAIOUIMe MPH aMUTO3e, COMepxKaT HH3KO- 
NOJIMMepHyto HW ca60 CBx3aHHy10 c ructoHamu JIHK. B cBa3u.c 3THM O6pasoBa- 
HHe JBYSJeEpHbIX KJIeTOK B uppepeCHUMPOBaHHbIX TKAHAX, MO-BHAMMOMy, Cyle- 
wyer paccMaTpHBaTb Kak CJeqcTBHe ocmaOeHHA (yYHKUMH ouepHero spa. 
IIponecc Werenud, MpHBOAMMH K OOpas0BaHHIO MaTepHHCKOrO UM oyepHero 
afep, He pacnpocrpanseTrca Ha BeCb mpoTonsacT. OOBACHHTb 3TO MOXKHO TeM, 
4TO (bH3HOMOrHYeCKH HEMOJHOWEHHOe MMPOHMHOUbHOe MOuepHee apo He 
CHOCOOHO JeTePMHHHAPOBaTb OOPas0BaHHe KJICTOUHOM CTCHKH HM Pa3BUTHE HOBOH 
KJICTKH. | 

Tloqo6Hoe ABJIeHHe HaMH ObIIO MpoculexKeHO HW Ha Apyrux OObeKTAaX, B YACT- | 
HOCTH, Ha Mape€HXUMe CTapbIX BereTaTHBHbIX OPfaHOB TPaBAHHCTHIX UH A PeBeCHbIX 
pacrenuit. | 

Takum 06pa30M, pa3HOKaYeCTBEHHOCTh Aep, BOSHUKAIOIUX MyTeM aMHTOsa~ 
B OMHMCaHHbIX HaMH C/ly4yanx, MpoaBJserca B ToM, uTo JLHK ogHoro aqpa, Ma- 
TepHHcKorO, Oovee ycroHunBa K JeHCTBHIO JenoMMepH3ytoulUX (baKTOpos, 
uem JLHK Apyroro, qouepuero, apa. Ilo mepe crapenua TKaHell 9Ta pasHoKa- | 
YeCTBCHHOCTbh YCHJIMBAeTCH 3a CueT OCMAOIEHHA CNOCOOHOCTH K alcopOuHN MeTH- 
JOBOrO 3eMCHOrO HM NMOBbILICHHA CpOAcTBa K MMpOHHHYy y WouepHero apa. To 
APyTUM MOKasaTeAM YCHJICHHe Pa3HOKaYeCTBEHHOCTH AMHTOTHYECKHX sep | 
C BO3pacTOM MaTepHHCKOrO ApaHaomogana A. A. [poxodpepa-Benprosexaas | 
(°) B napeHxume KjyOuHA KapTodena. KpaiHum BblpaxkenuemM pa3HOKayecTBeH- | 
HOCTH AMHTOTHYCCKHX AMep ABMIACTCA OOPa3s0BaHNe MHPOHHHOPUbHOrO ouep- | 
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Puc. 1. [py Aqep Hie KJI€TKH KOK WyKa. []HpoHHH — 3eNeHbI NpOUHbI Mocae 
48-uacoporo Bo3felicTBHA pacTBopoM Kuona. Menke spa oKpallleHbl B 3@1eHbIii Weer, 
KpyMHble —B CBeTIO-2%KeNTHI. 480 


Puc. 2. Aqpo B Moment jenenua. I]uponHH — s3e/leHblii 

pon mocae 48-yacoporo BoszelicTBusA pacTBopoM Kuona. 

TlouepHee Apo oKpalueno B 3eeHbI WBeT, MaTepHHCKOe — 
B 6eHO-KpacHbI. 600X 


Puc. 3. Anpa™sB cocTOAHMM NaTOMorMYeCcKOrO aMHTO3a ‘a) uw Tlocne nenenusa (6). Metunosstit 
3eNeHLIii — NMpOHHH 6e3 MpesBapHTeAbHOTO BOsIeHCTBHA eNOAMMePH3yIOUL4MA cbakTopams. 


| Tnotupie anpa (MaTepuHckne) OKpalleHbl B zenenbiii uneT. IIHKHOTHYeCKHe Apa (movepHue)— 
| NIMPOHHHOHAbHbIe, OKPAaLleHbl B opanxesbiit (a) u xerTbIt (6) user. a — 640X, 6 — 500X 


iH, T. 122, No 2, KoHapes 


Hero Apa, YTO COBMaaerT C yTpaTou CNOCOOHOCTH KJI€TOK K JLEJICHHEO H C MOABJIe- 
HHE€EM ABYANeCpHOCcrTH. 


VuctutyT 6uonorun BawikupceKoro duauana Iloetynuato 
Axkayemuu Hayk CCCP 29 XII 1957 


HMTMPOBAHHAS JIMTEPATYPA 
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Jioxzaym Axapemun nayr CCCP 
1958. Tom 122, Ne 2 


FHCTOJOTHA 


JI. b. BEPJIHH 


PrHUCTOJIOTHYECKHWE W3MEHEHWA JTIMQEPMHCA YEJIOBEKA 
MPH AYTONMJIACTHKE 


(ITpedcmaeaeno axademuxom H. HW. Llmaaveaysexom 28 IV 1958) 


TpancnuanTaluad OOubUIMX JIOCKYTOB KO2KH, MOJIYYeHHbIX C MOMOLLbIO Wep- 
MaTOMa, BCe MpouHee BXOAUT B MpakTHKy XHpyprun, OCOOeHHO MIpH JIeYeHHH 
oOumMpHbIxX orKoroB (! *). PucromoruyeckHe H3MCHCHHA KOK Mp 3TOM Buse 
nvlaCTHKH H H3Me€H€HHA CaMHX TpaHCMlaHTaTOB M3yYeHbI HEOCTaTOUHO, B OT- 
JiMuHe OT TAKOBbIX MPH Apyrux Meroywax nepecayku (* 1°). [lomumo stToro, BaxKHO 
BbIACHHTb MOP@osoruyeckhe OCOOeHHOCTH TKAHeEH KOXKH YeJIOBeKAa, H B NepBy!O 
ouepel—b anvsepmuca, B YCJIOBHAX TpaHCMaHTalMH HW perenepallMH HM CorO- 
CTABMTb MOJIYYCHHbIE KAPTHHbI C pe3yJIbTATaMH PaOOT, MPOBeMeHHbIX PaHee N10 
M3 YYCHHIO H3MCHEHHA SIMTCHaJIbHbIX KOMIOHCHTOB KOKH Pa3JIMYHbIX MO3BOHOU- 
HbIX KMBOTHbIX B YCJIOBHAX 3KCHepuMeHta (312%), 

MartepnasiomM JIA WCCIeQOBaHHA CULYKHJIM KYCOUKH KOXKM BeIMUMHOH 
20,5 0,5 cM, BKJIIOUaBLIHe B CeOA KpaeBOH yuaCTOK TpaHCMlaHTata HW rpaHu- 
yauluH C HAM Kpal oxoroBol pau *. IIpu o6mjHx pa3smMepax TpaHCMJiaHTaTOB 
(10O—15 x 2030 cm u Oosee) ucceqOBaHHble KYCOUKH MO3BO/MJIH CYAHTb 06 
W3MC€HCHHAX SMMAeCpMuCa TOJIbKO B nepHdepuyeckHX YaCTAX MepecaxKeHHbIX 
jlockyToB. Matepuaw B3AT BO BpeMsA OnvoncHH OT 30 OObHBIX HW Np ayToncHAX 
ot 7 TpynoB B cpoKu or 6 Ao 70 cyToK nocwe nuiacTuKH nepdpopHpoBaHHbIMu 
jockytamu (7%), 

@uxcauua 10% pacrBopom HeiTpambHOro (cbopmamHHa, WeHKepdopmoviom, 
HACbII[CHHbIM PaCTBOPOM CYyJIeMbI C JOOaBJIeEHHeM YKCYCHOM KHCJIOTbI HW CMeCbIO 
Kapuya. SauBka B WeOHANH-napadun vw Wemmouqun. Cepuu cpe3soB TOMNIH- 
Hon 7—10 uw OK paluMBaJIMCb TEMaTOKCHJIMH-303HHOM,a3yp I1-303HHOM, *Kee€3HbIM 
reMaTOKCHJIHHOM 10 TelfenraiHy, auiM3apHHOBbIM CHHHM — @aHHJIMHOBbIM CH- | 
HMM HW OpaHxesBpim 110 [lerepceny, no Méembreny C WOKpackOl CBETJIbIM 3CJICHBbIM, © 
no Xouxuccy c JoKpacko reMaTOKCHJIMHOM Opsnxa uno Pyty Aa BbIABeHHA 
AplrMpOUJIbHBIX BOJIOKOH. | 

OnuyepMuc MepMaTOMHBIX JIOCKYTOB, MepeCaxKeHHbIX Ha OXKOFOBYIO pany, | 
Mey yepes 6 CyTOK NOCIe ONepalMH HeEOAMHAaKOBbIH BUA. B ofHHxX MeCTaXx OH 
OblJI SHAYHTEMbHO YTOJINEH MO CPpaBHeHHIO C HOpMaJbHOM KO*KeH, B Apyrnx, | 
Hao6opor, ucronyueH. B yrovJmeHHbIX y4¥acTKaX OH COCTOAJ H3 MHOPHX C106 | 
STMTCIMAJIbHbIX SJIEMCHTOB, CBASAHHBIX pyr C APyroM AIWHHbIMM WLUTONIa3MeH- 
HbIMH MOCTHKaMH. MexkkKserouHbIe MPOMeKYTKH ObIIM CHJIbHO paCcuIMpeHbl, a 
MOCTHKH HM@JIM OTUETIMBOE YTOJILEHHE B CBOeH CpeqHel uactu (puc. 1a). Tourn | 
BC€ KJICTOUHbIC SJIEMCHTbI TWlaCTa, HaYHHAaA C Oa3aIbHOrO CIOA HM KOHYAA NO- | 
BePXHOCTHBIM, HMEJIM «LMMOBaTyto» (bopmy (puc. 2a u 6). Hapyxuan 30Ha yn- 
JIOULCHHBIX KJI€ETOK C MPH3HaKaMH OPOroBeHHA Oblia B TAKUX yUacTKAaX CBeqeHa 
AO MuHuMyMa. Kaerku 5—7 rmyOokux cloes Jemumucb MuTosamu. Lutonma3sma 
SJIEMCHTOB STHX 2K CNOEB Obla PeskO Oa3s0cusbHa, YTO OOYCMOBMeHO OOMbILMM 
KOJIMYCCTBOM B HEH pHOoHykseonpotenjos (PHI). Azppmiku B yyacTKax mpo- 


* 3a TloMOMlb B NowyueHHM MaTepHana MpHHoMy ray6oKyto 6naroqapHoctb B. C. Buxpue- 
By, HM. H. Paymosy, H. B. ryzum-Jleskosuyy u A. H. Opaosy. 
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JMPepalud SMUTEMMA CTAHOBUJIMCh OUCH KPYMHBIMH, ITO 3aBUCeNO, NO KpalHelt 
Mepe YaCTHUHO, OT TOrO xe. LLuTOMMasMa KJIeETOK CpeAHeli 3OHbI, COMepxKAaLUX 
MeHbue PHITI, oGoramaerca BKOUeCHHAMU PAMKOrena. 

B HeKOTOpbIX y4uaCTKaX STM AepMHCa TPaHCMVIaHTaTOB Me@xKKWJeTOUHDIe IIpOMe- 
XKYTKH PaCLUMPAIOTCA OCOOCHHO Pe3KO, WHTOMJa3MeHHbIe MOCTUKH YJWIMHAIOTCA 
B STHX C/LYUaAX HACTOJIbKO, YTO KJIeTKH MpHOOperaioT 3Be3{yuaTHI BU, a CaM 
STIMTEMH CTAHOBUTCA MOXOXKHM Ha PCTHKYJAPHbIM CHHTHUH KPOBETBOPHbIX Opra- 
HOB. [lofo6uble cereBuAHbIe CTPyKTyPbI B SMHAepMaJIbHOM MvacTe Obl MOKa- 
3aHbl B YCJIOBHAX HaPYUIeCHHOM MHHepBallun y MuieKonuTarouNx (?’,?!), Munep- 
BallMA TpaHCIaHTaTOB BOCCTaHaBJIMBaeCTCA B 3HAYHTEbHO Oosee MO3AHHe CPOKU 
(°°, **), MOSTOMY CTaHOBMTCA NOHATHBIM, YTO STIMZepMHC B 9TO BpemA 110 CBOeMy 
COCTOAHHIO HalMOMHMHaeT KOXKHbIN SNUTeIMA Nmocle NeHepBaluu. B wapoKux 
TIPOMexKYTKaX M@KAY SNMTCIMAJIbHbIMM KJICTKAMH BUJHbI MHOFOYNCJIeCHHbIe 
JICMKOUMTEI. ! 

OOpausatoT Ha CeO! BHAMAHHE HEKOTOPHIe AeTaM CTpoenusA 9seEMeHTOB ray- 
OOKOM 3OHbI SMUTCIMA TpaHCIaHTaTOB B 3THX 2%Ke YTOJIM[CHHbIX yYacTKaX, Tye 
KJI€CTKH YCHJICHHO JesIATCH MMTO3aMH. Kak yxKe yYMOMMHAaJOCb, KJeTKH Oa3aub- 
HOFO CJIOA CBA3AHbI pyr C Apyrom H C BHIMIeeKAaUIMMHM ZJ/IEMeHTaMH ILMTOMIAa3- 
MeHHBIMM MOCTHKaMH (puHc. 2). BagasIbHble KOHUbI KJIeTOK CHaOxKeHbl 3a0CcTpeH- 
HbIMH WMMMKaMH,OOpalleHHbIMH K COeAMHUTebHOL TKaHH (puc. 2 a). Orv munH- 
KH BXOJAT, MO BC€H BEPOATHOCTH, B OTBeEPCTHA, HMEIOUINeCA B Oa3asIbHOH MeM- 
Opane HW OOpas0BaHHble MeCTJIMCTbIM XOJOM B He aprupodUJIbHbIX HW KOJWIareH- 
HbIX BOJIOKOH. B HOpMaJIbHOM 3mMepmMuce He -yaercaA BUeTh TAKMX UWIMMOB. 
OrueriuBoe HX pa3s/IM4eHHe B TPaHCNaHTHPOBaHHO KOx*Ke, BO3MOXKHO, OOBACHA- 
eTCAH OTCKOM J€PpMbI H CBA3AHHbIM C 3THM Pa3PbIXJIeHHeM (PHOPHI Mex*KKIeTOU- 
HOrO BeulecTBa H Oa3aJIbHOH MeMOpauHbl. B WuTonsa3Me KJeTOK 6a3a/IbHOrO CJION, 

-OcOOeHHO MOCIe OKPaCKH 2KeJe3HbIM TeMaTOKCHJIHHOM mo Teltfenraiiny, To c 
OombueH, TO C MCHbUIeH OTUCTIMBOCTbIO BUAHbI TOHKHE BOJIOKOHILa, MPOXOLAUHe 
B amukOO0a3aJIbHOM HarlipaBsieHuu. Ilo sce BeposaTHocTH, 9TO — TOHOpHOpH- 
‘nu (puc. 2 6),He BbIABJIAIOULMECA C TAKOM OTUCTAHBOCTbIO B HOPMAJIbHOM 3H ep- 
MHce. 

OHOBpeMeHHO C TaKHMH YTOMUCHHbIMH, MpomMpepupyiouluMu yuacTKamMu 
9SmuTeMMA BCTpeyaloTca B TpaHcniaHTatTax uepes 5—10 Ane noce nulacruKu 
MecTa, Pe 2IHAePMHC MaxKe TOHDUIE HOPMAJIbHOrO, WMTOMIa3Ma KJICTOK COKCH- 
(bubHa, Apa mukHOTH3HpoBaHET. MHorga HekpoOnoTuyeckHe H3MeHeHHA 3a- 
XOJMAT Tak JasIeKO, UTO BCe JJIEMEHTHI PIyYOOKOH H CpeqHeH 30H MOrHOaloT, coesu- 
HUTeCIbHaA TKaHb B 9THX YuaCTKaX JIOCKYTOB OKa3bIBaeTCA MOKPbITOH HOO 
9JIEMeHTaMH POroBOrO COA, WH60 BoBCe orovweHa. B 9THX CyYaAX OOpa3yiworTca 
H3bA3BICHHA MMKPOCKONMMYeCKHX pasMepoB (puHc. 3), OYeHb HaMOMMHAIOULHe 
‘MUKPOAB3BbI, MOABAIONLNECA B KOMKE KOHCUHOCTH MOCJI€ HapyWICHHA MHHepBa- 
uuu (2°, 7!). BnocneqcTBHH 3IMTeIM3alHA 9THX MepeKTOB MpOWCXOAMT mMyTeM 
o6pa30BaHHA pereHepata 3a CUeT OKPYKarollero HX INMLEPMHCa TPaHCIaHTaTOR. 

Ecan snugepmuc Tpancnmantatos mornOa Ha OOJIbUIOM MpOTA2KeHHH, TO MCTOY- 

HUKOM SMMTeIM3 aM CTaHOBHJIHCb KU3HECMOCOOHbIC KJIETKH HAPYKHbIX KOPHe- 

'BLIX Bularamnuy (°), KOTOpbIe BCerfqa UMeIOTCA B Cpe3aHHbIX JepMaTOMOM JIOCKy- 

tax (2?) (mpu ycraHoBKe Hoxa Ha 0,3—0,5 mM). Ku3HecmocoOuble KJIeTKM BOWIO- 

CAHbIX Baral, SHePrH4HO AesACb MHTO3AMH, MIpOABHraloTCH KOMIMICKCHbIM 

| MuIaCTOM Ha MOBeEPXHOCTb H MOCTeNeHHO IpHoOperaior PyHKIMOHAbHOe HU MOPPpo- 
moruyeckoe CXOACTBO C 2MMAepMucom. OporoBeBuive 4aCTH BOJOCAHOrO MelIKa 

TIpH 3TOM TakxKe, MpOABHTadcb K MOBEPXHOCTH, MOCTeNeCHHO yaJIAIOTCA, HM CO 

| BpemeHem Bosldc B MepecaxKeHHOM JIOCKyTe CTaHOBHTCA MeHbIIe, H, HaKOHEIL, 

OHH Halleo ucuesaror. KaeTKH MpOTOKOB HM KOHIEBbIX OTACJIOB *WKee3 TaK*Ke 

mpouudbepupyior (15); mecramn HaO0,al0Cb MpeBpalieHHe SNMTeIMA HX BIBO]- 
HbIX MPpOTOKOB B MOKPOBHbIM mlacr. 

'- OgHako 3HauuTebHO Oomee SHEPHYHbI PerenepaTHBHbIM MOCKOCTHOH pOcT 

3a CueT SNUTeEMMA TpaHcnmanTaToB HaOmOacA B OOMaCTH MHOFOUMCeHHbIX 
nepopaiuit mockytTos. B stTux yuacTKax MMeHCh HeOO/IbUIMe pesaHble 3uAIoHe 

PaHbl, 3axKUBAIOULMe BTOPHYHLIM HaTAxKeHUeM. Mx AHOM ObII0 Ome Meppopupo- 

| 301 


BaHHOrO TpaHCllaHTaTa, a KpaimMu — BCA ero TOMA. MHOorocOMHbI C MOMeHTAa 
cBoero BOSHHKHOBeHHA (4) ann LepMaJIbHbIM pereHepat kK 6 CyTKaM mocule nepecay- 
KH CiycKaeTCA MO CKJIOHaM Nepcopalui u mposBuraerca m0 AHy paHbl. OOpa- 
30BaHHe 9THX PereHepaTOB, B OTJIMUHE OT 3axKHBJICHHA OoOsee OOWIMPHbIX PaH y 
TOSBOHOUHBIX C OporoBeBalolNMM amugepmucom (72, 1%, 17, 2°, 24) yw uenoBeKa 
(25), mpoucxoguT 6e3 BbIPaxKeHHOH MHTOTHYECKON AKTHBHOCTH B pesyJIbTaTe Upes- 
BbIUaHiHO CHJIbHOrO YMHJIOULCHHA SMMTeIMA B OKPY2KHOCTH paHbl M yBeJMUeCHHA 
JIOCKOCTHBIX Ppa3sMepoB KJeTOK. B STOM OTHOMWeCHHH 3axKUBJeHHe Neppopalun 
B JIOCKYTaX HaMOMHHaeT CCOOCHHOCTH PereHepallHH HEOPOFOBeBaIOUIMX STIMTEJN- 
ep koxHoro Tuna (!4,1%), JIuumb mocie NOHOrO NepeKpbITHA epeKTOB B SNMTeJIN- 
AJIbHbIX PpereHepaTaX MOABJIAIOTCA MHTOTHYCCKH JleAUIMeCA KeTKH. K sTOMy 
BP€MCHH NOX HUM PasBUBaeTCA paHyJAWMOHHAA TKaHb, (OPMMpyercsa Oasasb- 
Hast MeMOpaHa H BOCCTaHaBJIMBalOTCA HOPMAJIbHbIe CHCTEMHBIC OTHOMMCHHA MEKILY 
3IUTeIHeM HM COCQMHHTCJIbHOH TKaHbIO; WoKasaTesieM 3TOTO B 3mHLepmuce 
ABJIAeCTCA MpHoOpeTenuve UM OOBIMHON AudpepewupoBKH Mlacta C ero ry1yOOKOH, 
cpeqHei HM MOBepXHOCTHOH 30HaMH. 

SnuTeiui TpancnaHTaTa OOHAPyXUBa MJIOCKOCTHOH POCT He TOJIbKO B OO- 
jlacTH nepdopaluii, HO H B KpaeBbIX 4aCTAX, HABCTpeuy PereHepHpyIoUleMy 9IIH- 
qlepMucy kKpax OxoroBoH paubl. B stTHx yuacTKaX MeCTAMH CKJIaf[bIBaJIHCb OTHO- 
IWCHHA, XAPAKTePHble WIA 3alIHTOH OMepalMOHHOH pauHpl ('*), MecTamu JIA paH, 
3axKUBaIOWUX BTOPHUHbIM HaTaxeHHeMm (°°). TlocmeqHee BbISbIBaOCb ruGesbIO 
9IUTeIHA JIOCKyYTa Ha TY WH HHYIO ryOMHY OT Kpan. CraHOBHTCA NOHATHbIM 
BaxKHOe 3HAYeCHHE TOUHOFO COOTBETCTBHA YPOBHA KpaeB TpaHCnwaHTaTa HW O*KO- 
rOBOH PaHbl, a TaK?Ke COXPaHeHHe BO BPCMA HEKPSKTOMHH yxKe pereHepu PoBaB- 
wero SIMMTeINA. 

Ilpu6nu3uTembHO K 2—3 HeJeJAM ToCe NwaCTHKH INUTeEIMH TpaHcnaHta- 
TOB Ha BCe€M MpOTHKeHHH MmpHoOperaeT Oosee OAHOOOPA3HbI BUA. InuTeHaJb- 
HbIii MOKPOB B OOJIaCTH Nep*opallu CTAHOBHTCA NOXOXKHM Ha IMMEPMHC OCTAaJIb- 
HbIX YacTeH TpaHCMaHTaTOB. SHAYHTeJIbHbIe H3MCHCHHA MPOHCXOAT MW B COeIH- 
HUTeCJIbHOTKAHHOH UaCTH JIOCKYTOB, MpPHBOAAUIHe B KOHEUHOM CUeTEe, K Pa3sBHTHIO 
pyOWoBoH TKaHH B OOaCTH «CnalHoro CJIOA» MU K MepecTpolke nepecaxkeHHbIX 
yacTeH lepMbI. | 

[ue SmMTeMA TpaHClaHTaTa MOKeT, OMHAaKO, MPOMCXOAMTb HE TOKO 
B paHHue CpoKH, yepes 6—10 cyTok nocse nepecayku, HO H B MO3QHNe, HanpH- 
Mep yepe3 TpH HegemH. MectamMu B 9MMTeIHaJIbHbIX JJIEMCHTAX MOABJIAIOTCA 
Bak YOJIM; BKJIOUCHHA PIMKOFeHa, JO STOO HMEBUIHeECA BO BCeX KJIeTKaXx CpeqHelt 
3OHbI, COXPAHAIOTCA JIMLIb M€CTAMH, HeKOTOpbIe Apa CMopmMBatoTca (puc. 4). 
Takue yuacTKH SMHTeIHA HHDUYJIbTPHPYIOTCA BCe BO3PaCTaIOULMM KOJIMYECTBOM | 
He€HTPO}MJIbHbIX JICHKOIMMTOB, PaCMaBJAIOWMX, B KOHCYHOM CueTe, BeCb NH ep- 
MHC Ha H3BeCTHOM MpoTsxKeHHH. BoccraHopmenue SNvepMHuCca B STH NO3AHHe, 
CpOKH MpOHWCXOAMT 3a CYeT COXPaHHBUIMXCA yuaCTKOB 9NHAepMuca TpaHcnan- | 
TaTa HM SNHTeIMA KOKM Y Kpas ObIBIeH OXKOFOBOH paHbl. 

ONNTeIMH TpaHcnaHTaToB H pereHepaToB B OOlacTH Nepopauit NOcKyTOB | 
M Kpae€BbIX YYaCTKOB OKOFOBOH PaHbl OOPasyeT MOPPyXKHbIe BOCMAHTeMbHbIe 
paspacranua (7°). Onw COCTOAT M3 MHOFHX CJIOCB KJIETOK. QJI@EMCHTHI, ABJIAIOULH= | 
eC MpOWOMKeHHeM OasasbHOrO COA pereHepata, CoraTbl PHI] u noutu ue co-) 


] 

Pue. 1. YuacTku cpeqHeH 3OHbI SMUTeEIMA TpaHcnaHTaToB. 7 cyToK. LleHkep-popmMou. a — xe) 

Je3HbI remaToKcHHH m0 Teteuratiuy; 06. umm. 101, ox. 10X; 6 — remaToKCHIHH-303HH 
06. umm. 101, ox. 15x 


Puc. 2. Yuactku rayOokolt 30HbI SIMTeEIUA TpaHclaHTaToB. a — 7 CyTOK; WeHKep-bopmon, *e-} 
Jesup reMaTOKCHMH 10 Telizenrainy; 06. umm. 101, ox. 10X; 6 — 33 nua; Kapnya, xe-} 
JesHbIi reMaTOKcwJIMH no Teliqenratiny; 06. umm. 90, ox. 10X (6 — pucyHOK, KOHTypbl CHATEI) 

Ha ypoBHe cTova) 


’ : 


| 
Puc. 3. U3pa3pienne smHTeIMA TpaHcnsmantTata. 9 cyToK. Cymema-+ ykcycHas KucmoTa, rema- 
TOKCHJIHH-903HH. O6. 20, ox. 15X 


Puc. 4. Yuacrok snutTeiua Tpancnantata. 16 cyTok. PopmanuH, Xouxkucc, remaToKcuHH! 
Spauxa. O6. 40, ox. 15X . 
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ZIAH, 7. 122, Ne 2, Bepaun 


Puce. 1 


Puc. 4 


Hepat BKIOUeHHK NOmMCaxapuyoB. Tlocmequne Haxo,atTca, riaBHbim o6pas3om, 
B KleTKax CpeHeH YaCTH paspacTaHHH, WATOMIA3Ma KOTOPHIX Govlee OKCHpuJIbHa 
uv Oeqna PHII. Morpyxupie paspacranua noaBuiarorca mocme Hauama mpone- 
PaTHBHbIX MSMCHEHHH M MpoLosxKalorca WO pyOuepaHuA noqexKamel rpaHyJs- 
WHOHHOW TKaHM MW (POpMHpOBaHHA OasaJIbHOH MemOpaunbl. Tlocnequaa nosBsser- 
CAB BUC OTACIbHBIX TOHKUX APrupoOUuJIbHbIX BOJIOKOHEL, CBOHMHM KOHILaMH yXxO- 
AAWMX B PiyOxKelexalne YaCTH NOLMTeIMANbHOM rpawHyAAWMOHHOM TKaun. 
IIpu oxpacke no Xouxuccy 6a3asbHad MeMOpaHa posoBas,T. €. COCTOHT H3 PIOKO- 
HJIH MYKOMNPOTeHJOB. 

B revenue mpoclexKeHHBIX CPOKOB TPaHCIWaHTHpOBaHHaA KOKA He IPHHUMA- 
Jia BUa HOPMaJIbHOH, Tak KaK He BOCCTAHaBJMBaJMCb ee NpHAaTKM, OOBIMHbIII 
BOJHHCTHIN PeIbet) PpPaHHIbI SIMTEMMA HW COCAMHUTEbHOM TKAHM HM XapaKTepHoe 
nospasenenne epMbl Ha culod. UTO Kacaerca camoro anuyepmuca, TO OH Ha 
BC€M IIPOTH2KCHHH HCCICOBAHHbIX Y4AaCTKOB TpaHCMaHTaTa CTaHOBHTCA nO- 
XO2KUM Ha SMMTeIHH HeMOBpexKeHHOH KOH. BecbMa BaxkKHOe 3HaYeHHe [WIA yc- 
Me€WHOrO MNPHXKUBJICHHA KOXKHBbIX JIOCKYTOB HMEIOT TeptopallHH Kak MECTA, B KO- 
TOPbIX KC B TCYCHHE NePBON HeMeMM MOCe ayTONMACTHKH HLYT HaHOomee AaKTHB- 
HbIe€ MposmMepaTHBHble Mpollecchl, TOra Kak B Y4YaCTKAX MexKAy nepcopalluamu 
SNMTeMM TpaHCianTaTa Ha 3HAUHTeIbHOM MpoTsxeHHH moruOaer. MmenHo 
B MecTax MepcopallM yCTaHaBJIMBaeTCA HaHOOee TECHBIMi KOHTAKT TKAHeH J102%Ka 
C HapacTalouluM 9SIMMTCIMabHbIM Miactom. Mera6o1u3mM mepecaxkeHHol KOxKU 
B TCYCHHE JVJIMTCIbHOrO BPCMCHH OKa3bIBaeTCA HAPYUIeHHbIM. 3a 3TO POBOPHT, 
MOMHUMO BCeroO Tpouerd, CXOACTBO SIMTeMMA TpaHCnaHTaTa Cc 9mMepMucoM 
mocie HapylmeHHaA wHHepBamnu (7°, 74), 


BoeuHo-MeqHUHHCKat aKayemMua Ilocrynun0 
uM. C. M. Kuposa 27 IV 1958 
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Jlokzagp AkayemMun HaykK cCCcCcP 
1958. Tom 122, Ns 2 


THCTOJOLHA 


r. C. KBAHUXHJI3E 


PA3BUTVE 3MMTEJIMAJIbHOM BbICTHJIKM MAULIEBOA 
JIOMAWIHHX KYP 


(IIpedcmaeaeno akademuxom E. H. Iasaoscxum 5 V 1958) 


@MopmupoBaHne HM pasBHTHe pAAa OpraHoB B aMOpHorenese xapakTepusyeTca 
3AaKOHOMePHOli CMCHOHM TUCTOMOPHYeCKUX CTPyKTyP ( ), 4TO ObIJIO OTMCUCHO Take 
HW B pa3BHTHH SnuTeIuA rMMMeBOMa yemoBeKa (%, *). 

C Le/lbIO BbIACHeHHA, MMeeT JIM MECTO CMeHa CTPYKTYP NOKPOBHOFO SNMTeEIMA 
mMmesoqa Kyp B 9MOpHoreHese, HaMM OblIH H3yYCHbI KYPHHbIe SMOPHOHBI 
(ata 3, 4, 5, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 19 qHew uHKyOaumun), a 
TaKKe OJHOMHeEBHbIE HM MecHUHbIe UbINIATa. Marepval dukcupoBasca B 10% 
cbopMayinHe, *KuAKocTH Byaua, cmecH | 
Tlepenu. Pucronornueckan oOpaborKa | 
BelaCb OObIUHbIM CHOCOOOM: cepHi- 
Hbl€ Cpe3bl OKPallUMBaJIHCb 2KeJe3HbIM 
TreMaTOKCHJIMHOM TeleHraliHa c Jo- 
KpacKOH MYIUHKAPMHHOM, 903HH-a3y- 
pom II, noMannopu u no Dyty. 

Ciau3uctaa MMuULeBOLa IMOPHOHOB 
(atta 3,4 u 5 QHeH uHKyOalMA) aH- 
Puc. 1. Uacth nonepesHoro cpe3a nuulepona  WeHa CKJIaOK, a IpOCBeT OpraHa Ha 
KyPHHOro SMOpHona M3 Alia 3 AHeH HHKy6a-  MOIePeCUHbIX Cpe3ax HMeeT OKPyrJ1y1o 
UHH. a — CT Trane site BBI- = AJIM OBaJIbHyto cbopmy. TTuujesoy BpI- 
A icoae lon uaceas oumretane BM fo heae CE OO i oe 
memOpava, 2e— mesenxuma. Bysa, )KTMK*, HbIM BbICOKONPH3MAaTHYeCCKHM 93TMTE- | 
Pucopadbuplt amnapat 630X. Pempog. 3:4 MHeM C MUTO3aMH, PacnOJOxKeHHbIMA 

JIMUIb y ero mopepxHoctTH (puc. 1), 
L[utonma3Ma KJIeTOK HMeeT AYeMCTOe CTpoeHHe HM CHJIbHO Bak YOJM3HpOBaHa, | 
Apa KMe€TOK OKPYrJO HW OBabHOM POpMbI pacnomoOxKeHbI 6a3a/IbHO H CBOHMM 
JJIMHHbIMH OCSIMH OPHeEHTHPOBAHbI NapadeNbHO CBOOOAHOM mMoBepxHocTH 9nH-| 
TEMA. ONUTEIHH OT NOANexKaulel Mao LudpepenupOBaHHOl Me3eHXHMBI OTIe-! 
JI€H XOPOLIO BbIPaxKCHHOH Oa3asIbHOH MeMOpanHolH. 

B Hekoroppix sMOpnonax (alia 5—6 quel unKyOaunu) HaOmMORanoch nose! 
HOe HJIM YACTHYHOE 3aNOJIHeHHe MpocBeTa MMULEBOa paspOCuIMMCHA MOKPOBHbIMI 
snuTenuem. IIpH yacTHuHoOM s3anoJIHeHHH uMeOcb 2, uHorga 3 o6ocobeHHEIX! 
mpocpeta. - 

Cau3zucrat o6on0uKa mHUeBORa Somee MO3LHUX 9MOpHoHOB (Tiina 7—8 qHebti 
HHK yOallun) TakxKe JIMmena CKa OK. CyulecTBeHHbIX H3MeHeHHi B CTpoeHHH SIH 
TeIMaJIbHOrO mMvlacta He Ha6wHOMamOcb. | 

C 9—10 qua uHKyOalMN Au B CAM3UCTO O6ONOUKe MMIeBOLa NOABAAIOTCH 
MpoNouwbuble (4 —5) ckaaqKu.3atem y 2MOpuonos (alia 11—12 Heli HHK yOalltun) 


= 


* 3necb M B Mommucax kK pwc. 2—4 DKTMK — xenesuurit rematoxcunnu c MOKpackott 
MYyILHKapMHHOM. | 
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SnuTeIHh 5 
ae Lek seh HayHHaeT NepecTpauBaTbca B MHOrOcVIOLHbIt (2—4 cuos) 
HTH MUTOS3bI y2xKe pacnowloxeHL 
I He TOJIbKO y mOBepx 
HOM B CpeCHHX HM Oa8aJIbHBIX y 4 ee 
YacTKaX SMHTeIMaMbHOrO nNoKpoBa. A 
Had YaCTb MOBEPXHOCTHBIX KyIeTO hemlet eee 
; K cilerka O 
poe mus KpalluMBaeTCA MYWMKaPpMUHOM B po- 
B H i 
ee Usa BOLG PRDEONE (alia 13—16 que MHKyOaltuv) y MOBepxHocTH MHOro- 
j WyerO He OMHAKOBY!O TOJLIMHY B 
rlyOuHe HW Ha nO- 
BePXHOCTH CKJIaOK CJIH3UCTOL O6o0N0 
WKH, NOABJIAIOTCA MepllaTesIbHBIe 
WM CJIM- 
ae KACTKH, PAaCHOJOKEHHBIE MOUTH HeMpepbIBHEIM Cuoem. Komuuectso qo- 
ABUX YBCMYMBAeTCA MO HalpaBseHHlO K MKeyAKy. Mepuatembupie KaeTKH 


MMECIOT TIPH3MaTHYeCKy1O PopMy, BEEN F 
' AIOTCA TeCMHOH O i 
pasmepamu (pyc. 2). KpackoH uw KpynHbiMn 


Puc. 2 Puc. 3 


Puc. 2. UacTb Nonepeuxoro cpesa nuujenoya KypHHoro 9MOpHoua 3 Aitua 15 Ane uNKyOauun. 

@ — IBYyX-TpexCJIOHHbIH NOKpOBHBIM snuTemMli; 6 — MeplaTebHble KeTKH Ha NOBepXHOCTH SNH- 

TeIHA, 6 — COOCTBeEHHBIM COM cAM3sHCTOK OOoMOUKH, 2 — 3a4aTOK CIM3UCTOH TpyOuaTol xe - 
aesbt. 10% copmanuy. KKIMK. Puc. anmapar. 630. Penpog. 3: 4 


Puc. 3. Uactb TomepeuHoro cpesa NMUeBoqa KypHHOrO 9MOpHOHa U3 AMA 19 qHeH HHKyOalHH. 
@ — MHOPOCJIOHHbIN MOKPOBHEIM 2muTenHi, O — yMMOUeHHbIe MOBeEPpXHOCTHbIe KJeTKH, 6 — 
Ppylma MeplaTebHbIX KJeTOK, 2 — OasabHble WHAMAApHueckue KMeTKH, O — coOcTBeHHbIii 
COW CIM3HCTOH O6onouKH. 10% copmanuH. DKTMK. Puc. annapat. 630. Penpog. 3: 4 


IIpocser numesoga 15-qHeBHOrO SMOpHOHa 3aMOJHeH OKPalIeCHHOH 2xeWe3- 
HbIM TCEMATOKCHJIMHOM B CBeTVJIO-Cepbiii I[BeT TOMOreHHOM MaCCOH, MpeACTaBJIAIO- 
mel COOOM 3arlOUeHHbIt SMOpHOHOM OevOK Alia (*). Or 6a3aIbHOH MOBepXHOCTH 
STUTeIHA MMULeEBOLa 2MOpuoHoOB (aliita 14—16 qHeH HHKYyOalHH) B MOAIexaLLyto 
COCMHHTCIbHYIO TKAHb OTXOJAT MJIOTHOKJICTOUHbIC SMHMTCIMaJIbHbIe MOUKH, 
MpeCTaBJIAIOULMe 3ayaTKH TpyOuaTbIxX CJIM3HCTHIX *Kesles (puc. 2 2). 

Y omMOpuonos 17—19 gzHel uHKyOalMM CKaNKM CIM3MCTOH OOOOUKM MHULe- 
Boa MOCTHTatoT OOMbINOTO PasBUTHA, KOJIMYeCTBO KJICTOUHBIX CioeB 8—10. 
MepilaTeJIbHble KJICTKH JIMIUb B BUC OTACJIbHbIX OCTPOBKOB JI€%KaT y MOBepx- 
HOCTH 9MUTeIMA (puc. 3). OHH MOCTeneHHO ynOuLaoTCaA, MOMBepraroTcaA pacnay 
A CLYMJMBaHHIO C MOBepxHocTu. Murosbl BCTpeyaioTcA HCKJIOUMTEJIbHO B Oasaiib- 
oH uwacTu mlacta. 

V3 mJIOTHbIX SMHTeIHaIbHbIX MOYeK MYTEM OCJIM3HCHHA UX WeHTPaJIbHbIx 
<METOK OOPASYIOTCH CJIMBHCTHIC THyOuaThle 2AeeSbl, BbICTAHHbIC OAHOCJIOMHbIM 
IpH3MaTHUeCKHM sTMTeAMMeM. Ha ato CTaHH PasBUTUA B CMSHCTHIX TpyOuaTHIX 
Kelesax HaOsmosaeTcA yoxe CIM3eOTeIeHHe. 

OnuTeivasIbHbI MOKPOB MuueBoga 1-qHeBHOYO I{bIIJIeHKa CHJIbHO pa3pacta- 
TCs MW WpHoOperaer BUA MHOrocJoHOrO MIocKOrO. JIMmb B HeKOTOpbIX Mpenapa- 
ax ylaercHd OOHAPYXKUTb CMHHHUHbIC MepllaTeMbHbIe KJICTKH, YaCTb KOTOPBIX 
| HAXOMUTCA B COCTOMHUM pacnaya. Crugucrple TpyOuaTble 2Kese3bl Ha STO CTa- 
WM pasBUTHA XOPOMIO PaSBUTbI H BbICTMAHb! BbICOKOMPH3MaTHYeCKHM OMHOCON- 
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HbIM 9IIMTeCIHeM, COCTOALIHM H3 KPYMHBIX OTICMAIOULUX CIM3b KMETOK, Apa KO- 
TOPbIX PaCHO/OXKeHbl y UX Ga3aJbHOH MOBEPXHOCTH, MMKHOTHSHPOBAaHbI H MeCC- 
Tamu cCMmopuyenbt (puc. 4). 

B crewKe HeKOTOPBIX CJIM3MCTBIX AKEeMe3 HAYMHAIOT NOABATECA CKJANIKH, B 
o6pas0BaHH KOTOPbIX NPHHUMaeT yUAaCTHE NoOMMexKallad COCMMHMTEbHAA TKAHD. 

SnnTeIMaNbHbIt MOKpOB MMIMeBOa MeCAHUHOTO IpIMIeHKAa IpeCTaBJIeH 
XaPaKTePHBIM JIM STOO OpraHa MHOTOCJIOHHBIM MJIOCKUM OPOPOBEBAIOULMM SIIH- 
vennem. B pesymbrare cHubHoro paspacTranua smuTenuaA B tunica propria 


Puc. 4. Uacrb MonepeuHoro cpe3a muueBowa 1-HeBHOrO 
I[bINIeHKa. @— MHOFOCJIOMHbIM MIOCKHH STMTeMMH, 6 —- 
NOBEPXHOCTHbI€ COM IWIOCKHX KJIeTOK, 6 — Oa3aJbHble 
WWIMHLpWuecKWe KJIETKH, e—CJIM3HCTad 2kKeme3sa, 0 — 
3epHa cekpeTa B lHpocpeTre 2*xKee3bl, e€ —COOCTBeHHHIM 
cnoH cum3HcToi o6ono4KH. 10% dopmanuH. SKIMK. 

Puc. ammapat. 630, Pempog. 3:5 | 


BaIOTCA KPYMHbIC JMMTCMMAJIbHbIC BAJIMKH, YCa2KCHHbIC MHOTOUHCJICHHBIMH MElI-- 
KHMUH SIMHTeIMaJIbHbIMM BbICTYMaMH, Me%K]Y KOTOPbIMH BTHCHYTbI COCIMHUTEJIb-- 
HOTKaHHble COCOUKH C XOPOWIO Pa3BHTbIMM KOJIAaTeHOBbIMH BOJOKHaMH. OF} 
6a3a/IbHOH MeMOpaHbI B MOKPOBHbIM SIMTeIMM MMUWeEBOa OTXOLAT WYYKH apren+ 
TOPHJIbHBIX BOJIOKOH, MPOHH3bIBaIOWIHxX 1—2 Oa3auIbHbIX CJIOA KJICTOK. 

Takum o6pasom, B Mmpolecce 9MOpHOHaIbHOrO pasBUTHA B MMIMeBOLe OMa-4 
IWHHX KYP HMe€eT MECTO CJIOXKHbIH Mpowecc mepecTpOHKH MOKPOBHOrO sNHTe+ 
JIMA: OMHOCJIONHbIL OMHO-7B ypAHbIit | IpAsMaTHyecKHi snuTeIMH mepectpan4 
BaeTCA B JBYX-TPeXCJIOHHbIH, MOCIeQHHH, B CBOIO OYepetb,—B MHOrocJOn+ 
HbIM MeplaTeJIbHbIH WM, HaKOHell, —B MHOFOCJIOMHbIM MJIOCKHH OporoBeBalollHli 
SnuTeHH. 

Kak HaMH ObIIO yxKe OTMEYEHO (°), MO HAaCTOAUIerO BPeMeHH MepllaTeJbHbIt 
MOKPOB OMMCaH JIMWb B MNHueBOse uenoBexa (1, ’, 8). B noaBuBmelica HeqaBHd 
padore A. B. Xapisopoli (>), u3yyaBmelt SMOpHOHaMbHOe pasBUTHe INUTeEMMAIby 
HOrO NOKpOBa MMUeBOa KyP, He YNOMHHAeTCA O HAJIMYHUN MepllaTeIbHOrO 3TH 
TeIMaJIbHOrO NOKPOBa B 93TOM OpraHe. 

Tlospienue Ha onpeyeeHHOM 9sTame pasBHTHH B 9STMTeENMM MMeBOL 
MePIaTeJIbHbIX SJICMeHTOB |pacCMaTpUBaeTCAfl PaSHIMH AaBTOPaMH pa3JIMUHO! 
Hexoroppie(*, ’, °) cunraior pecHuTuaTbie KJIeTKM MpOABeHUeM peKanUTY 
JIAWMM, Apyrue (1) —UuCKMOUNTeEMbHO SMOPHOHAJIbHbIM MpHcnocobs1eHHeM. Mi 
CUHTaeM, YTO Y JOMALIHHX KYP}MeplaTebHbIe SCMCHTHI, TO-BHJMMOMY, CG 
XPaHHJIMCbh C APeBHeHINMX BPeMeH OT HX MpeAKOB, UMeBLIMX (byHKILMOHHpOBaB 
INMH MepllaTeJIbHbIM MOKPOB, MOCTeM€HHO W3MECHHBILMHCA COOTBeETCTBeEHHO H3 
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MCHHBINMMCA YCJIOBHAM CylleCcTBOBaHHa. UacTHuHo coxpaHHBUUMecA Meplta- 
T@JIBHBIE KJIETKH B COCTABE STHTeIMA MHULEBOa JOMAlHUX KYp, BO3MO2KHO, 
CNOCOOCTBYIOT MePeMeleHHIO B HeM 3arvlOUeHHOrTO SMOpHOHOM OesKa. 
OOpasopannelB numjeBoze SMOPHOHOB CJIM3HCTHIX Kees Nocne 13 WHA HHKy6a- 
WHU COBMaaeT C MOMCHTOM 3arlaTbIBaHHA Pa3BHBalOlulHMCA 2MOPHOHOM GevIKa 


(°, °), YTO,LoueBHAHO, AOULKHO ObITh CBA3ZAHO C HaMevaIONMMCA *byHKIUMOHUpOBa- 
HHe€M oOprana. 


TOuIMccKHH §=rocyapcTBeHHbIli yHHBepcuTer Tlocrynuno, 
um. HM. B. Cranuua 11 XII 1956 


UMTHUPOBAHHAS JIMNTEPATYPA 


LE. IW. CepaoBu4u, OsomonHOHHad WMHamMuKa BbICTHIKH NepemHero oTZeNa MHIUleBa- 
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1951. 2 A.C. Jlexasa, Tp. Mucr. sxcn. mopdon. AH pysCCP, 2,177(1949). 8 M. H. 
Paros3suua, Tp. Uncr. mopdon. xusotu. AH CCCP um. A. H. Cesepuosa, 12, 264 (1954). 
4H. 1. Xaonmun, OOmeOuonoruueckne u skcHepHMeHTabHbIe OCHOBLI rucTonorun, M3z. 
AH CCCP, 1946. ° A. B. X 451308 a, SnuTenni numesola Kyp B HOpMaJIbHbIX H 9Kcepu- 
MeHTaJIbHbIX YCJOBUAX HM B CPaBHHTeJIbHO-aHaTOMHMYeCKOM ocBelleHHH, ApropedepaT KaHAuMat- 
ckoli WuccepTaunH, Yuta, 1953. °F. A. U1 mMugat, Sm6pnonorua xuBorublX, 4, I], M., 1953. 
7K. HW. Ouununagse, Tp. Uxcr. sxcn. mopdon. AH TpysCCP, 2, 205 (1949). 
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Jloxknagm AkaweMuu Hayk CCCP, 
1958. Tom 122, Ne 2 


IKOJIOTH f PACTEHHH 


JI, A. IWABPOB 


HEKOTOPbIE OBLIHE MOP®OJIOTO-AHATOMHUECKHE YEPTbI 
M3MEHUMBOCTH PACTEHHH MPH MEPECEJIEHMH 
B MOJIAPHO-AJIBNMMCKHA BOTAHMYECKHH CA 


(IIpedcmasaeno axademuxom A. JI. Kypcanosoim 5 VI 1958) 


TlomspHo-abnuiickua Goranuyeckuli caq}Kompcexoro dustuana AH CCCP 
pacnoviowKeH Ha KouibcKOM mosyocTpoBe, B 1OXHOM YaACTH\TOpHOrO MaccHBa 
Xu6un, Ha 33°39’ Bocrou:.o Womrorb or [puusuya u Ha 67°39’ cepepHon mmMpo- 
Thr (2). 

Baarofapa momoxenuto Boranuyecxoro caja 3a IlomapHbim xpyrom (cag 
pacnovioxeH B ropHow KoTNoBHHe, Ha 120 Km ceBepHee IlomapHoro Kpyra) 
MIpHpPOWHbIe HM KJMMATHUeCKHe YCOBHA OTMMUAIOTCH OOMbUIOH CYPOBOCTbIO 1 
cBoeo6pa3veM, OCOGeHHO B OTHOWIeHH CBeTOBOrO pexuMa: 53 JIeTHUX AHA CTOUT | 
KpyrslocyTouHoe ocBelleHHe. 

EcrecTBeHHO, YTO B CTOJIb CYPOBbIX H CBOCOOPa3HbIX YCJIOBHAX MepeceseH- 
HBI€ paCTeHHA BbIHYKeHbI MpeTepMeTb 3HAYHTeJIbHbIC (YHKUHMOHAJIbHBIC UH 
CTPYKTYPHbIe H3MCHEHHA, YTOOBI MpPHCMOCOOMTbCA HM BbIXKUTD. 

Jinai¥usyyeHuaA XapakTepa MW HallpaBsleHuaA MOpdosOro-aHaTOMHYeCKON H3- 
MeHUMBOCTH MepeCeJICHHbIX PacTeHHH B ycJIOBUAX XMONH ObIIO UCCAeOBaHO 
yeTbIPe KaBKa3CKHX (H43 BakypuaHu) asIbnuMuCKHX Bua paCTeHHH H3 pa3HbIx 
CeMeHCTB: KOJIOKOJIbYMK Tpex3yOuaTH (Campanula tridentata Schreb.), kymp- 
TuBUpyerca B XuOuHaX c 1938 r.; ropeyaBKa cemupasyembHaa (Gentiana sep- 
temfida Pall.), kympTupupyerca c 1947 r.; mioTHK KaBKa3scKHi (Ranunculus 
caucasicus M. B.), kybTuBupyerca c 1940 r.; acrpaniua HaMOoubmasa (Astran-: 
tia maxima Pall.), kymbTuBupyetca c 1946 r. 

JleraitbHoe Mopcovioro-aHaTomMuyecKoe H3YYCHHe OpraHOB HM YacTei pacrTe-- 
HMM, OCOOeHHO TeHepaTHBHbIX —I[BeTKa M MOJa, — Kak HaMOouee KOHCepBa-- 
THBHBIX, MCHC MOMMAIOUMXCA BJIMAHHIO YCIOBHH CpeAbI, BbIABHJIO HeKOTODHIE! 
OMe YePTHI CTPYKTYPHOH H3Me€HUMBOCTH y BCeX YeTHIPeX MePpeuMCeHHBIX BU- 
JOB. 

Hs o6jux BHeLIHUX YePpT M3MeHUMBOCTH OOpautaeT Ha CeOA BHUMAHHE, Npexy 
BCero, THraHTH3M MepeCeJIeHHbIX PaCTeHHH, THraHTH3M UX OpraHOB, OcobeHH 
BereTaTHBHbIX (CM. pu. 1). XHOMHCKHE 9K3EMIIAPLI pacTenuli 10 CBOUM pa3Me+ 
pam B 2—3 mM Mame Oomee pas KPyMHee CCTECTBCHHBIX KABKa3CKUX paCcTeHHit. 
BereraTruBuble OpraHbl XHOMHCKHX 9K3EMIJIAPOB pacTeHult OTMUAIOTCA OT KaB4 
Ka3CKUX OOJbUIeH MOMIHOCTbIO — AMHOU, WMpHHO, TommuHol. Hanpumep, 
JIMCTbA KOMOKOMbYNKAa THexX3yOuaTOrO XHOMHCKOrO OOpasila B 3—4 pasa WIMHHee Mt 
UMpe KaBKasCKUx. Puc. 2 JaeT BO3MO2KHOTH CpaBHUTb MOMepeynble paspesbl uepe 3 
Pa3BUTHe SJICMeHTOB, JIMCTa y PaCTeHuA XMOMHCKOTO M KaBKa3CKOrO OOpasila, 


4 


TvraHtv3M Bbipaxaerca B Ctbepe He TOMbKO BereTaTHBHOH, HO rewepaTuBs 
HOH (paBya, B 3HadHTeIbHO'MeHbUIeli CTeneHH): pasMepbl reHepaTHBHBIX opra+ 
HOB B cpemqHem B_ 11/,—2 pas3a 6omee ecTecTBCHHBIX. | 

Hurepecno, 4TO 9TOT ruraHTH3M OpraHoB XxMOuHCKUX pacTeHuit “poucxogut 


KH Meso*usla JIMCTa XHOMHCKOrO OOpasa B 3—4 pa3a kpylHee KIeTOK <aBKa3- 
ckux. TO 2Ke€ MOXKHO CKa3aTb 4 Mpo Mosocru TIPOBOAAMHX 3JIEMCHTOB, 

PuranTusMoM kJleToK XapaKTepu3yorca u reHepaTHBHble OpraHbl mepece- 
JICHHBIX pacteHuH. Hanpumep, KlerKM Mesocbusa BeHuMKa ropeyaBku' Cemupas- 
AebHOH XMOMHCKOTO O6pasua B 2—3 u Gouee paz K PyMHEe COOTBETCTB yIONHX 
K€TOK OOpasila KaBKa3CKOFO, a HapyXKHBIC MapCHXHMHBIe KJICTKU CTEHKH To jla- 
JMCTOBKM JHOTHKA KaBKa3CKOFO OTJIMUAIOTCA ee Cobelli KPYNHOCTHIO: OHH 
B 6—8 pas MpeBbIMaIOT Pa3MEPbI COOTBETCTBYIONIUX KJICTOK KABKa3CKOFO o6pa3- 
ua. IIpwunna storo ruraHTu3mMa moka He H3BeCTHa, HO, BOSMOXKHO, OHA CTONT 
B CBA3M C nosmMMIOn.MeH (?, °). 


Puce. |. JIsoTHK KaBKa3CKHH. Calepa pacTeHve, BbIpociree 
B XHOHHAaX; ClipaBa—B eCTeCTBEHHBIX yCOBMAX Ha KaBkase 


BecbMa HHTepeCHO H Apyroe ABsIeHHe — ABMIeHHe OnOMOrM4ECKOrO xapaxrepa, 
HaOJoWaroujeecA y MepeCeJIeCHHbIX PaCTeHHH, KOTOPOMY B 3HaUMTeIbHOH mMepe 
0683aH, OU4eBHHO, M rHraHTH3M pacTeHHli Mu ux opraHoB. Mpl umMeem B BUY 
CHJIbHY!IO 3aAMEJVICHHOCTh MpoleccoB cTapeHuA Yy MepeceyieHHbIxX pacreHHit. 
B 9T0M M SakulOUaeTCA OCHOBA BbICOKOM MaCTHYHOCTH MepecesIeHHbIX pacrTe- 
HHH. } 

Ha CHJIbHYIO 3aMeJJICHHOCTb’ TEMNOB CTapeHHsA y TepeCedleHHBIX PacTeHult 
yka3piBaeT clenyrouee. IIpexye Bcero, — 3TO JJINTCIbHOCTb 2KH3HH" pacTuTedb- 
“Horo oprayuu3ma. Munoroverune HaOJMOMCHUA B IlomapHomM cally Hay MHOoruMu 
COTHAMH BHJOB UHTPOYyUMpyeMbIX paCTeHHH OMPeeJIeHHO NOKa3bIBaIOT, UTO 
‘MepeceJIeHHble BUbI B yCOBUAX XWOMH XapaKTePH3YIOTCA 3HAYHTEbHO OOJIb- 
‘Wel JJIMTeIbHOCTbIO 2KH3HH, YEM B CCTECTBCHHEIX YCJIOBHAX. Ha 9TO yKasbiBaloT 
‘UW siuTepaTypuble LanHbie. M3BecTHo, 4YTO 10 Mepe MIpOABMXKeHUA K CYPOBbIM apK- 
‘THYCCKHM YCJIOBHAM HM MO Mepe MOAHATHA BLTOPb! AVIMTeMbHOCTh XKH3HH pe3sKO 
yBeiuunBaetca (4). 
| O 3aMef1eHHOCTH TeMN0B CTapeHHsA H axe 0 BO3MOXKHOM OMOJIOXKEHHH CBH- 
JIETCMbCTBYIOT M MpOMMpuKAWLMH WBeETKOB H COMBCTHH, KOTOPbIe BeCbMa OOBIMHEI 
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B ycuopunx XuOun y mepecemeHHblx pacrenuit. [[Berox BMecTo popMHpoBaHHA 
CeMAH mpomHpunupyer no6erom. Ha Bepmmmue noGera OOpasyerca BTOPHUHbIA 
WBeTOK HH Jake Wemoe compere. 

O TOM xe FOBOPAT JWIHTeIbHbIH POCT MepeCeIeHHLIX PaCTeHHi, CMOCOOHOCT 
K 3HAUHTeIbHOMY PaspacTaHMio UX TKaHel HM OpraHOB, CMOCOOHOCTb Kk CHJIbHOMY 
paspacTaHHlo CaMux KleToK.Kpome Toro, y mepeceseHHbIX pacTeHHit HaOMoLaeT- 
CA JWIMTeIbHOC H HHTCHCHBHOe JlesIeHHe KIeTOK, OCOOCHHO B OONACTH MpOBOLA- 
ULMX CHCTeM, OularofapsA YeMy Ha MOMepeyHbIxX paspe3sax OpraHoB pacTeHHM BUAHbI 
3HAUHTeCJIbHbIC MACCbI M@JIKHX KJICETOK, HaXOJIAU[MXCA B COCTOAHHH JleleHHA. 


5: Oo £? 
LYE 
MSY oy, 


Puce. 2. Ilomepeunpili paspe3 uepes cepeqHHy MuaCTHHKH JIMCTa KOJOKOJIb4uHKa 
Tpex3y6uatoro xu6uHcKoro (a) H KaBKa3cKoro (6) oOpasios. Caepa—mesopusb- 


Hav YaCTb JIMCTa, ClipaBa — cocyHcTHI MyuoKk 
| 


| 
Hasmune 3HauuTeIbHbIX Ppynn KJIETOK MepHCTeMaTHYeCKOrO XapakTepa OOB- | 
ACHAeT, B CBOIO OYepPeb, OOMIIME Pa3JIMUHbIX BbIPOCTOB Ha OpraHaxX MW UaCTAX 
pacTeHua, OOMIMe pa3JIHMUHbIX CpacTaHHH opraHoB uM uacTeH Mexy coOor 
(cpacraHue sucTbeB, cTeOsIeH, IWBeTKOB H COMBeTHH, OpraHOB IBeTKa); ObIH 
OOHapyKeHbI Cyan CpacTaHHA Jlaxe BIONHeE CSOpMHpOBaBIMHXCA OpraHos, | 
HallpHMep [aCTHHOK JIMCTbeB, CMOMaHHOrO UBeTKa HU T. OJ. | 
M3 pcero cKa3aHHOrO HalpaliMBaeTcA MpakTHYeCKHH BEIBOL O TOM, YTO eC 
CO3aTb NMepeceIeHHbIM PaCTeHHAM XOpOMIMe arpOTeXHHYeCKHE YCOBHA, TO. 
MOXKHO OOnTECA OONbUIOrO ypoxKant, MO KpalHeli Mepe, 3eIeHOH MaccHl. 
Vurepecubl H3MeCHeHHA y MepeCeIeHHbIX paCTeHHH B MpOBOAAMeH CuCTeMe. | 
Tlomumo ropa3qo OouIbuero KOJHYECTBA MPOBOAAUHX IICMCHTOB y mepeceeH- 
HBIX paCTeHHi, O¥eM peub yrxKe Wa BHINe, 3aCIy2KUBAeT BHUMAHUA TOT (akT, | 
4TO B OOJbIUMHCTBE CIY4aeB MOJIOCTH COCYOB y XHOMHCKUX pacTeHui B 1!/.—2—| 
3 pasa uM Jake Coulee mMpe KaBKa3CKUX. OOpaulaer Ha CeOA BHUMAHHe u Apyras | 
WeTasib, OCOOCHHO XOpOlO OOHapyxXuBaeMad B Paspesax TeHepaTMBHBIX Opra- | 
HOB, — 9TO CHJIbHaA PaCCeAHHOCTb MPOBOAAMHX SJICMCHTOB B MPOBOAAMIMX My4- | 
Kax Y MepeCeyeHHbIX pacTeHui, M3BeCTHOe yCcHsleHHe napeHxuMaTUusallny | 
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MpOBOAAMeH CHCTeMBI. STO, OUCBHAHO, CTOUT B CBA3H C JWIHTEIbHbIM MU CHJIBHBIM 
paspacTaHHem TKaHel. 

B sakmouenne cileqyeT YNOMAHYTb O ABJICHHM paSpbIXJICHHA OCHOBHOM napex- 
XMMHOM TKaHH y MepeceseHHbIX pacTeHuli. B ocHOBHOM napeHxuMe opraHos o6- 
Pa3yloTCA, OYEBHILHO, MOCPeACTBOM pa3pbIBOB CaMOH MapeHXHMHOM TKAHH MHOTO- 
UMCJICHHbIC HEMPaBHJIbHbIe BOS YUIHbIe NOJIOCTH. OTO ABJIAETCA BECbMa XapakTep- 
HBIM JI MHOPMX OpraHoOB BCeX YeTHIPeX HCC/IeEMOBaHHbIX HAMM BUOB. OuesuHo, 
MpHuMHa STOFO 3aKJIOUaeTCA B 3HAUMTEJIbHO MOBBIINCHHOM BJlaxKHOCTH B XuOH- 
Hax (OCOOeHHO BO3lyxa) —M0 CPaBHeHHW C eCTECTBEHHBIMH YCIOBHAMH Mpouspac- 
TaHua Ha Kapsxase. 


TlomapHo-abnuiickul GoTanuyecku cay Tlocrymusio 
KospeKoro dusmmana um. C. M. Kupospa 44 1 1957 
Akalemuu HaykK CCCP 


UMTHPOBAHHAA JIATEPATYPA 


1H. A. Asppopuu, Ilepecemenue pacteHui Ha nomapHEl cepep, M3q. AH CCCP, 
1956. 211. A. Bapauos, Tp. a6. 9p0n. akon. pact., 1 (1940). 3 A. TI. Coxoanos- 
¢kasa, Bor. xypu., 40, Ne 6 (1955). *K. Koctauten, Pactenue u cpega, 1908. 
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ioxnzann AkKayemunu Hayr CCCP 
1958. Tom 122, Ns 2 


PHSHOJOLU A 


JletctBurenbubli uneh AMH CCCP H. H. TIPHOPOB, C, B. AHJ[PEEB 
u T. WH. YEPKACOBA 


3HAYEHHE KOBAJIAMMHA JIS) BOCCTAHOBJIEHHVA ®YHKUMK 
PYKM YEJIOBEKA TOCJIE NEPEPbIBA NEPH®EPHUECKHX HEPBOB. 


OHO W3 aKTYAJIbHBIX HM MpakTHYeCKUX 3aay MpOOJIeEMbI BOCCTAHOBJICHHA 
(byHKUMH ABJIneTCA ycKOpeHHe pereHepaluu HepBHOH TKaHH. BoccranoBjenue: 
(byYHKUMH MOBpexKJCHHOH KOHCYHOCTH y YeOBeKa, CBA3aHHOe C pereHepalluen 
HepBa, pacTArMBaeTCA Ha JJIMTebHbIM (3—7-neTHHH) cpox. IIpumensempie 
B HacTOAuee BpeMa (pu3suyeCKHe, XHMMUECKHE M Apyrve BUALI CTHMYJIAWMU pe- 
renepaTMBHOrO mpolecca B HepBe ele He MOCTHTaIoT MOJIHOFO BOCCTaHOBJIeHMA 
UYBCTBUTEIbHOH HW JBHTaTebHOH PyHKUMA KOHEeUHOCTH (°, 4, °, 8, 1°). 

Y yeloBeka HW, KHBOTHBIX MepepbIB OLHOFO UJIM HECKOJIbKHX HEPBOB BBISbIBaeT 
MHOPOOOpasHble H CJIOXKHbIE H3MCHCHHA BO BCeM OpraHH3sMme. B pa3M4HbIx yac- 
TAX Nepudepnyeckon, BereTaTHBHOM H_WeCHTPaJIbHOH HEPBHOM CHCTEMbI NOABJIAIOT- 
Ca JerenepaTuBHble u3MeHeHHA. M3BecTHO, 4YTO B KOCTHOH TKAaHH MH Ha KOXKHBIX 
MOK pOBax BOSHUKAaIOT Tpo*uyeckHe paccTpolicTBa: HapymiaeTCA KpOBoOoOpamjeHue- 
H JIMMOTOK MOBpexKJCHHOM KOHCYHOCTH, PaCCTPaMBaeTCA OOMEHBELLECTB, B UaCT- 
HOCTH OOMeH BUTAMHHOB ((°,”) uw Ap.). [lo-BuqumMomy, perenepallua OLHOrO NOBpeEx- 
J@HHOTO HepBa elle He MOXKeT YCTPaHHTb BCeX NaTOMOrHYeCKUX MOCeETCTBUL 
TpaBMbI. Bo3MOxHO, STO NOORKeHHe HMeeT OCOOOe 3HaYeHHe Tora, KOrAa Mocse 
TpaBMb! Ipome OOMbWOH CpOK H MaTOJOrHYeCKHe H3MCHEHHA B OPraHH3Mme OT- 
YeTJIMBO BbIPaKeHbl H 3aKPelVJICHbl. 

CneopaTebHo, Jit HaHOoulee NOJIHOFO BOCCTaHOBJICHHA AKTHBHOCTH TPaB- 
MU POBaHHOl KOHEYHOCTH HEOOXOUMa OJHOBPeMeHHaA H MHOFOCTOPOHHAA CTHMYy- 
JIALLMA HEPBHbIX, OOMCHHBIX, COCYAMCTO-reMOJMHAMHYECKUX HW Apyrux dyHKUHi. 
opraHH3Mma. 

Kak noka3aIM 9KCNepHMentasbuble paOoThr Mucrutyta cdapmaxosornum 
Hu XuMHOTepamun AkajleMuH MewMIHHCKHX Hayk CCCP (+) o6mazaromjuii MHoro- 
OOpa3HbIM BJIMAHHeM Ha OOMeH BelleCTB KOOaIaMHH (BHTaMHH B,.) He TOMbKO 
3HAUHTCIbHO YCKOpAeT perenHepallHio NOBpexKCHHbIX NepnpepwyecKHX HePBOB. 
y KpbIC, HO H CTHMYJIMpyeT HOBOOOPas0BaHHe MOTOPHBIX OJIAWIeK Ha OKPy2xKa- 
FOULMX HEPB MbILMUWaX, a TaK2Ke H KPOBeCHOCHBIX CocyOB. KoOasamuH Ou1OxKH-- 
TEJIbHO BJIMAeT Ha BOCCTAHOBJIeHHe (PYHKUMM Y HEKOTOPbIX CNMHAJIbHbIX Oob- 
HbIX H IPHMeCHAeCTCA MpH HeBpasrMax u HeBpuTax (°,14—}8), 

Ilembio Hale paOorbi ObluIO HCCeAOBaHHe BJIMAHHA KOOaaMUHa Ha perene- 
paliMio NepepBaHHOrO OHOFO HIM AByX HEPBOB PyKH YeNOBeKa HW Ha BOCCTAHOB-- 
gleHwe ee (yHKIHH. 

Tloq HaOmofeHuem Haxodusoch 50 yenoBek, KOTOPbIe pasyeAHCh Ha Be 
OCHOBHBIX rpynnb: I rpynna (37 yes.) C NOJHbIM aHATOMHUeCKHM TepepbIBOM 
OMHOTO HepBa, NPeCHMYILECTBEHHO, B HM2KHeH TpeTH Mpelneupsa (y 17 any — 
cpefuuHoro, y 17 —soxresoro, y 3 —sayuesoro) u II rpynna (13 yen.) c 
OJHOBPeMCHHBIM IepepbIBOM CpeAMHHOPO H JIOKTeEBOrO HEPBa KaK Ha TOM KE yPoOB- 
He, Tak MH B MpOKCHMAaJIbHOM OTJeme KOHeUHOCTH. Y 34 yesoBeK MepepbiBy HepBa 
CONYTCTBOBAJIa HIM H3OJIMPOBaHHasn, WIM COBMECTHAA C NOBpexeHHeM apTepun 
HJIM KOXKHOH BeTBH JIYYeBOrO HEpBa Mepepe3ska CYXOmUIUH CruOaTeNel MaJIblles. 

Hapaqy ¢ QBuraTebHbIMA M YYBCTBUTCbHBIMA HapylueHHAMM, Tpocbuyec- 
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KHMH paCCTPOHCTBaMH M BaSOMOTOPHbIMM H3MeCHCHHAMU, OOYCJIOBJICHHbIMU ypoB- 
HeM llepepbiBa HepBa, Y Psa JIM HaOsOMaINCb M NpH3HAakN BHINAaLenus (pyHKk- 
WMH, KOTOpble ObWIH CBA3aHbI C NaTO*PUsHOMOPMYeCKMMM H CTPYKTYPHBIMU CIBH- 
TaMH, PaSBUBaIOWMMHCA pH TpaBMe nepHdepHyeckoro HepBa_B HEPBHbIX IeH- 
Tpax. 

Tis yTOUHeHMs CTeneHH M XapaKkTepay byHKIMOHaIbHEIX paccTpoucTs jo 
OnepauHn HW [VIA OW€HKH MOCeAyroulero Mpollecca BOCCTaHOBJICHHA MOMUMO KJIH- 
HUKO-HeEBPOJOrHyecKOro OOcNeNOBaHHA ((*) H Ap.) MPHMCHAJINCh Tpu smeKTpodu- 
SHOJIOPMYCCKUX MCTOAMKU: PHTMHYCCKOe PasLpaxKeHNe HEPBOB M MbILUIL HMITYJIb- 
CaMH TOKAa Pa3JIMYHOM YaCTOTHI C perucTpaluel COKpaTUTebHOrO 3*eKTa MBILLULL, 
Ha KMMOrpade, XPOHaKCHMeTPHA HOMpesereHHe KPHBbIX CHVJIbI-JWIMTeCbHOCTH. 

AHaJIM3 NOJYYCHHBIX Pe3yJbTATOB MOKasaul, UTO HalpaBsICHHOCTb U3MeHeHUIi 
MapaMeTpOB BOSOyAMMOCTH HM JIAOHJIbHOCTH yKJlaQbIBaeTCH B 3aKOHOMepHOCTH 
mapaOuosa, NpHYeM CIBHIH PYHKUMOHAbHIX CBOHCTB HEPBHO-MBIWeUHOrO an- 
Mlapata OOHapyxXuBalorca KaK HWKE YPOBHA MepepplBa HepBa, TaK HM BBIINe 
STOrO YPOBHA, a TakKe Ha IIPOTHBOMONOKHOH PyKe. 

Onepaliua” mBa HepBa Mpou3sBeyena y 17 yenoBeK B CH TPaBMbI; OCTAJIbHBIe 
OIlCpHPOBaHb! B pasHble CPOKH NocJie nepepbiBa HepBa: 22 yenoBekKa — oT 25 Heli 
jo 6 mec., 11 uenopex — uepes 6 u Gonee mec. (B TOM uNnce 9 — uepes 9u Gomee 
Mec.). 32 veOBeKa TIPCCe2xKeEHLI 3aTeEM B AMHAaMHKe Ha MpoTaxKenun oT 6 mec. 
mo 2 mer, 8 yenoBek OOcieqoBaHbI ciycta 2—5 mer nocme omepaun. 

B cucremy KOMMJIeKCHOrO jeueHUA MepBbIX 32 yeMOBeK ObIIM BKJIOUeHHI po- 
WObHaA WM Momepeunad PalbBaHu3sallMA, Maccamwk Hu sieueOHad TMMHACTHKAa, Ha 
qoue Koroppix y 21 uwenoBeka mpHMeHAJICA BHTAMUH By, (B TOM UNCJIe y 3 Comb- 
HbIX OJHOBPeCMeCHHO C THAMHHOM HM WupHzoKcuHom), y 11 — nposepuH u WHOasoun. 
V3 ocTasIbHbIX BOCbMH YeIOBeK JBYM BBOMMJICA THAMHUH, a lLleCTb—CTHMYJIATOPOB. 
He Nouyuau. 

Ko6OasaMuH BBOLMICA NOX KoxKy mieya. OMHOKpaTHbIt Kypc JIeueHuA BUTa- 
MMHOM CocTos 43 25— 30 uHbekiui u nocme 1O—15 AHeli nepepHIBa NOBTOpsAJICA 
oT 2 no 4 pas. HaOmoyzenua noKa3aM | WemecooOpa3sHoOcTb YBeJIMYeHHA KOJIMUe- 
CTBa BBOJMMOFO B OpPraHH3M KOOawaMHHa, 03a KOTOPOrO Ha HHbEKUHIO Oba 
yBemnueHa c 15—30 no 200 p r. 

IIpu conocraBsieHHH JlaHHbIX KJIMHHUeCCKUX HaO/IOAeHHH WM THHAaMHKM Y3Me- 
HeHHH (bu3sHOMOrHYeCKHX MapaMeTpoB y 29 uenoBek I rpynnbl ObWIO BbISCHEHO,,. 
UTO IIPH BKJIIOUCHHH B CHCTeMy JICUCHUA KOOaIaMHHA, HauaJIbHbIe IIPH3HAaKH pere- 
HepallH MW BOCCTAHOBJICHHA (PYHKILMH B ABTOHOMHOM 30HE CUIMTOFO HeEpBa OTMeUa- 
JIMCb y YacTH OoubHEIX Ha 14, 17, 33 wu 47 ZeHb MOCTe ONepalinn, T. e. B 3Ha- 
YMTeEIbHO Oomee PpaHHHe CPOKH, 4eM Te, KOTOPbIe yKa3bIBalOTCA B JMTepaType 
IA anaslorMuHbix moBpexkeHuh. K uwncry STHX MpH3HaKOB OBIJIM OTHECEHEI: 
NOABJICHHE OOeC3HCHHOCTH KOXKH Ha AHECTE3HPOBAHHOM Y4aCTKe, YYBCTBO N0JI3a- 
HHA Mypaulek Mp AaBsIeHHH Ha MepHdepnyecKuH OTPesoK HepBa HME LIBA,. 
60M Mp WaBMeHHM Ha MapaJIM3OBaHHbIe MbILIIbl, YMCHbIICHHe KOHTPaKTYD,. 
NOABeHHe CaOOro ABUFAaTeIbHOrO SdcbeKTa B Tex 2#Ke MbLaX. Ilo JaHHbIM MuO- 
rpamm (puc. 1 u 2), y CombHbIX, MOyYaBLIMX KOOaaMUH, B Oolee paHHue, 4eM 
IPH MpvMeHeHuu mpo3sepHHa MH AnOas0a, CPOKH, HaUMHaJI YMCHbIUIaTbCA U 
uCuesaJl IeCHTPaJIbHbIi KOMMOHEHT TpaBMbI (Yemy OyJeT MOCBAMeHO OTeIbHOe 
cooOmenve). M3menenua 40 onepalluv B MMOrpaMMe OBIIM BbIpaxKeHbl B BULLE 
MOBbILICHHA NWOpora K TETAHHYeECKOMY Pa3ApaxKeHHIO, YMCHbINCHHA BbICOTHI Te- 
TaHyCa, paHHero pa3BHTHA peakIMM MeCCHMyM HM HepeqKO HapyieHuA casbl 
pacca6s1eHHA MBILUUbI— HasIMuHe OCTATOUHOTO e€€ YKOPOveHHA Noce mpeKpa- 
WeHuA pasipaxenua (puc. 1, J u 4). 

B nocnepyromem y 7 u3 14 yeoBeK ¢ TepepbIBOM CpeQMHHOTO MIM JIOKTEBOTO: 
HepBa u y | OombHoro C MepepbIBOM MyYeBOTO HEPBa NOHO BOCCTAHOBJICHHE 
IBUraTeIbHO (pyHKIWH pH NOIHOM (y 2 uenOBeK) HIM YacTHUHOM (y 5 4eJIOBeK) 
BOCCTAHOBJICHHH UYBCTBUTeMbHOCTH HacTynuo yepes 6; 10; 10,5; 11; 14; 15; 16" 
24 mec. moce onepalun u Mevenus KOOanamMuHOM. Y 3 yenoBeK onepaluA Mpo- 
u3BeeHa uepe3s 3—6 u 7 MeC. MOCe TpaBMbI H y 5— B Je€Hb TpaBMbI. Anasioruy- 
HbIX pe3yJIbTaTOB y 7 YeNOBeK, NOMYUABIMX NpPOsepuH HW AHOaso, OTMETHTb He 
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Puce. |. JIvHamMuka u43MeHeHHH B HEPBHO-MbIINeUHOM allllapate (B 30He HHHeEPBallWH TpaBMUpo- 
BaHHOrO Hepa BbIIe YPOBHA ero Mepepbipa) B Mpolecce BOCCTaHOBJeHHA (YHKIMM Mocse one- 
PallHH WiBa HepBa MH NpHMeHeHuA KOOaamMuHa (A), MposepHHa H AHOasona (5). Cpoku uccaejo- 
Banna: 1 u4— noonepauuu; 2 — 4nec., 3 — 10 mec., 5 — 1 rogx7 mec. nocae onepamun. Ha 
MHOPPaMMaX CBEPXy BHH3: 9*heKTb!I COKPauleHHM MBIMLUWbI MpH MOCTeLOBAaTe/IbHO Bospactalomleni 
yacToTe pa3—pamxenusa oT | go 1000 umn/ceK., OTMeTKa MOMEHTOB pa3ipaxKeHHli Cc yKasanHem 
YaCTOTbI, OTMETKa BpeMeHH B cekK. IlaTomorHuecKHe H3MeHCHHA B MMOrpaMMaxX JO oOllepalun 
aupa (A — uepes 3 Mec., 6 — uepes 4 mec. nocule Mepepbipa JOKTeBOrO HepBa) BbIPaxXKeHb! B BHE 
TIOHMXKeHHA BbICOTH! COKPaUleHHH; HEYCTOMYMBOCTH YPOBHA MaOWIbHOCTH, PpaHHeM pasBUTUH 
nmeccumyma (/) 4 HapylieHHaA cba3sbI paccma6meHua Mb (4). Iloq BIMAHHeM BO3QeUCTBUA KO- 
OalaMuHa B paHHHe CpOKH Nocae OllepalluH BO3BPalllaeTCA CHOCOGHOCTh NOMepKUBATh OCTaTou- 
HYy!0 aMIJIMTYLY COKpauleHH Kak Ha peKHe H yMepeHHble, TaK MH Ha BbICOKHE PHTMEI paskpa- 
2KeHHM (2), a 3aTeEM BOCCTAHABJIHBaeTCA HOPMAIbHbIM ypOBeHb JaOHMbHOCTH (38). B anasoruu- 
HOM CJly4¥ae Mocule IpHMeHeHHA IposepHHa H THOa3z0sla NaTOOrHyecKhe H3MeHEHHA B MHOrpaMMe 
yepxKuBaloTcA Ha OoWee TIHTeMbHbIN MepHor (5) 
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Puc. 2. J[unamuka u3MeHeHHi B cruOaTee MabuyeB Moce Onepalluu WIBa CpeMHHOrO HepsBa | 
B HWKHeH TpeTH Npelseubs (B Ledb TpaBMbI) M MPHMeHeHUA KOOaamMuHa (A), Npo3sepHHa H WH- 
‘Oa3ona (6). Cpoku uccmeqopanua Moce onepaun wea HepBa: / — 55 qHeu, 2—5 mec., | 
3 — 7 mec. 18 que, 4 — 59 queli, 5—6 mec. 10 que, 6 —9 mec. Ha muorpammax cBepxy | 
BHH3: SPeKTH COKPalleHHH MBILUbI MPH MOcMeqoBaTebHO BO3PaCcTalOleli uacToTe pasipa- | 
xeHua oT | no 1000 umn/ceK., orMeTKa MoMeHTOB pa3ipaxKeHHit C yKa3aHHeM YaCTOTHI, OTMET- | 
Ka BpeMeHH B ceKyHaXx. [Ip mpHMeHenuu KOOataMHHa BOsO6yAMMOCTb HM WaOHIbHOCTh HepB- 
HO-MBIMeCYHOrO anlapaTa MOCTHIIM ypOBHA HOpMbI yepe3 5 mec. nocmte onepawuu. Tlatomo- | 
THYeCKHe H3MCHCHHA B MHOrpaMMe B Cilyuae B perncrpupytwrca Ha MpoTAxKeHHH BCero cpoKa 
HaOMONeHHA Mocme onepanHu 
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yAalocb, XOTA 4 43 HHX ONepHpoBaHbl TakxKe B MepBble CyTKH, a 3 yeNOBeKa 
yepes 4, 5 u 7 mec. 

IlomHoe BoccTaHOBIeHHe YYBCTBUTEIbHOCTH MIpH YaCTHYHOM BOCCTaHOBJIeHHA 
ABWKeHHH HaOJOJalocb y 2 yenOBeK, KOTOPbIM BBOAMJICA THaMUH. CreneHb BOC- 
cTaHOBseHHA PyHKunh y mut I] rpynnp (c ofHOBpeMeHHBIM MepepbIBOM CpeHH- 
Horo WM JIOKTeBOrO HepBOB) B CPaBHHMbIe€ CPOKH HaOJIOMeHHA OKa3aaCb 3HAUH- 
TeJIbHO MeHbuueH. [locseqHee copnajlaeT C JIMTepaTypHbIMH yKasaHuamu. B Tex 
ciyyaax, re C MOMeHTa MepepbiBa HepBa JO ONepallHu wBa Mpomo Gosee 
9 MeCc., pesyIbTaTHI NeYeHHA B OOeHX HaGOAAaBLUMXCA Ppynnmax OblwIM HeyLOBwe- 
TBOPHTCJIbHbIMH, § HECMOTPA Ha [IPpHMeCHECHHE pa3JIMUHbIX CTMMYJIMPYIOULUX 
CpeycTB. 

AHaJIM3*MHOrpaMM 9THX JIM, CBHeTeMbCTBOBA O TOM, 4TO MaTOMOrMYeCKHe 
€€ KOMIOHECHTHI, OOYCJIOBJICHHBI€ WeHTpaJIbHbIM M@CXa@HH3MOM, YJep2KHBaJIMCb 
BeCbMa IIPOJOJDKHTeIbHOe BpemaA. 

Takum o06pa30M, Mp ucnomb3OBaHHH B CHCTeMe KOMMVIeKCHOrO sJeyeHHA 
NOBpexkKeHHH NepudepwyeckHxX HepBOB KOOaaMMHa MOsyueHO Oosee panHee u 
Ooulee COBEPIIeHHOe BOCCTaHOBJeHHe (PyHKILMi TpaBMHMpOBaHHOrO HepBa, 4eM 
mpH Apyrux cpescTBax CTHMysIMpyromleh Tepanun. 

B cayuaix HeENOJHOH PeMHHEpBaLMM MBILIL y OOJIbHBIX, KOTOPbIM BBOAMJICH 
KOOaslaMuH, HaOMOJaOCch yCKOpeHve pasBUTHA KOMMeHCATOPHEIX Mpucnocobse_ 
HHH WM YMCHbUIeCHHe (PyHKIMOHAJIbHBIX CABHTOB B He€PBHO-MBILMeYHOM ammapaTe 


LlentpasbHblit Hay4Ho-HCCMeOBAaTeNbCKUIt Toctynuu0 
HHCTHTYT TpaBMaTOJOrMH HK opToNequu 4 V 1958 
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PH3HO/JIOLH A 


tO. C. YEDYJINH 


HAPYUWIEHHE TOHYCA COCYJOB CEPUA YEJIOBEKA 
IPH KOPOHAPHOH HEJIOCTATOUHOCTH 


(IIpedcmaeaexo axademuxom H. H. Anuukoeoim 28 IV 1958) 


UccneqopaHuaAmMu psa OTeyeCTBeHHBIX yueHbIx ((? °, 2”, 1%) Hn ap.) Ono 
yCTaHOBJIeHO, UTO COCYAMCTad CHCTeMa Pa3JINYHbIX OPraHOB, B YaCTHOCTH Cepz- 
Wa, Ha NpOTA%KeHHM MHOFHX [He MOCMe CMepTH CMOCOOHAa KUBO PearupoBaTh Ha 
Ajibl, COXPaHAA MPH STOM CIeLbI PYHKUMOHAbHBIX PaCCTPOHCTB, HaGJIOLaeMbIX 
IIpH %KH3HH. 

SKCHEPHMEHTAIbHBIX HaOMOLeHUM 3a CPYHKUMOHAJIbHBIM COCTOAHHeM BeHeu- 
HbIX COCyOB CepAlla YeIOBeKa IPH HapyWIeHHH KOPOHAapHOrO KpOBOOOpaLeHHuA 
ene JameKoO HeocTaTOUuHO. 

Ilenb10 JaHHOrO UCCIeLOBaHuA ABHJIOCb H3YYeHHe PeCaKTHBHOCTH BeHEYHbIX 
cocyoB cepa uenoBeka, morMOmero oT HHapkTa MHOKapja WIM BO BpemMa 
upucTtyna rpyqHow »*«aObl. 

PeakTHBHOCTb COCYOB Cepia H3y¥asaCb C MOMOIIbIO JIeKaPCTBEHHBIX Be- 
Ie€CTB, IWHPOKO MpHMeHACMBIX B KJIMHHKE TIPU JIedeHHH KOPOHAapHOl HeMocTaToU- 
HocTH. J[Ba 438 HHX —HUTPOrHWepHH M ZYPHIWIMH —npH3HaHbl sc:pceKTUBHbIME 
KOPOHapOpaclIMPAIOMIMMH CpeCTBaMH, MaloulMMH XOpoWM TepaneBruyeckuli 
pe3yJibTaT pH seveHHu rpyAHOH xaObl uM UBdapKTa MMOKapya. JIBa Apyrux 
MCCI€OBaHHbIX HAMM BellecTBa — CTpo*aHTHH VW AWFHTaJMC MpHMeHAIOTCA MIAn 
JICUeHHA OCTPOH MH XPOHMYECKOH CepAeUHOH HeEMOCTATOUHOCTH, BbIsBAHHOM Hapy- 
WI€HHEM KOpOHapHOrO kKpoBooOpamieHHsA. 

Hactosmjee ncceqoBanve mpoBefweno mo mpeliomwennio C. B. Anmpeesa. 
OKCHepHMeHTL! MOCTaBeHbI Ha 88 H3OJIMPOBaHHbIX YeJIOBeYeCKUX Cepslax nO 
metowuKe A. A. Kya6xo. [Ipopegenbi Tpv Ppynnbl ONbITOB; KOHTPOJIbHyto rpyn- 
Wy CocTaBAIH Cepia soe, MOrMOuUIMX OT pa3sJIMUHbIX TpaBMaTHYeCKUX MO- 
BP@KACHHH TpyAHOH MH OplouWHOH NMOJIOCTH HW WeHTpasIbHOH HePpBHOM CHCTeMbI 
(B 12 cepaiax STO rpynnbl Obl OTMCYeH ATEPOCKJIepO3 BeHEUHBIX cocyzoB — 
yCJIOBHO Mb! Oy {eM rOBOPHTb B asIbHeHIIeM O <TPaBMaTHYECKHX» CepAax).Bo BTo- 


Pyto rpyliny BxoAWsIM cepa JO eu, YMe€pwux B COCTOAHMN Tipucryna CTE€HOKAap- | 


MM, HB TpeTbio — Cepfila JuofeH, morMOumMx OT HHdapKTa MHOKapya. IIpu 0606- 
ULCHHH NPOBeAeHHbIX HaOJUOLeHHH Cepia BTOPOK H TpeTbeH rpynn OObeqMHAIUCh 
HaMM B OOULy!0 rpynny «KOpOHapHbix» cepfell. Bospacr OoubHBIX, Yy KOTODPBIX 
H3yUaJIHCb COCyAbI CepAua, KOMeOaica oT 16 Wo 83 meT. Cepaua uccmeqoBamucE 
B PasJIMUHble CPOKH, WpomeyuMe C MOMeHTa CMepTH, —orT 4 Jo 32 uac. 


Bpema, Mpowmenzuee Nocwe CMepTH JO MOMEHTa HCCIEIOBaHHA, B OOJbUINHCTBE | 
ONbITOB HE OTPaxkaJIOCh Ha UX Pe3sYJIbTaTax. ATepockslepos cep eCuHbix -apTepuu 


C HasiMuvem OIAWeK HW a2xKe TPOMOOB B OTCJIbHIX KPYMHBIX COCY ax CylleCTBeHHO 


He BJIMAJI Ha UX P€aKTHBHOCTb. Pe3kO BbIPAKCHHbIM ATEPOCKMEPO3, COMPOBOXKLas- | 


LIHCA CTCEHOSOM BEHEYHBIX apTepHH, HECKOJIbKO OrpaHvuNBas ux cbyHKUHOHAaJIb- 
HY!O MOJBYUXKHOCTD. 


Pernctpalua KOpOHAapHOTO OTTOKa MPOBOLMacb aBTOMATHUeCKH TIpH m0- 


MOILM mpHOopa, OTMepsouLerO H PeFHCTPUPyIOMerO PaBHEIe OGbeEMHBIC KOH | 


yeCTBA NHTATeJIbHOH 2KUKOCTH. Ilpu OIWCHKE PC3yYJIbTATOB ONbITOB YUUTHIBAJINCb 
KJIMHHKO-aHaTOMHYeCKHe JIAHHbIC MOpdoulornyeck an KapTHHa cepyita. IIpu 
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MSYTCHHM BUIMAHMA PasJIMYHbIX pasqpaxkurTeneli — aBeHua, Temneparypur, 
Jl€KaPCTBEHHBIX BelecTB —OOpajasia Ha CeOA BHUMAHHe Ooh an (byHKWMOHANIb- 
Hawt NOABH2KHOCTb KOPOHAPHbIX COCYROB YeoBeyecKOro CepAna. B ofHux onbitax 
SHAYMTCIBHbIC H3MCHCHHA TOHYCa COCyOB Cepia HacTymasM ObICTpO u COxpaHaA- 
JIMCb MpOHOJLKATeNbHOe Bpema 10—l5 mun. (puc. 1 A). B apyrux 2TH u3Me- 
HeHHA MPOWCXOMM 3a OOee KOPOTKHH mMpoMexyToK Bpemeuu 1—3 mun. 
(puc. 1 5). Unorga koneOannsa cocyguctoro Toxyca HocuH PHTMHUHbIM Xapak- 
Tep (puc. 1 B).B paxe onpiros na «nHdbaplMpoBaHHbIX» Cepyax KOeOAaHUA TOHY- 
Ca ObIIM BbIParKeHbI OUCH HesHayMTembHO (puc. | IF). Hurporaumepun uccue- 
AOBaICA B KOHWeHTpaluAx oT! : 2-10° no 1 : 3-10. Mposeneno 65 na6moxennit 
(cm. TaOn. 1). B oxcmepumentax c HuTporaMepHHOM, TaK 2Ke KaK pH uccwe- 
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Puc. 1. OyukynowatbHad NOABHXKHOCTh COCyZOB M30MMpoBaHHoro cepAla yeNOBeKa, BbIpa- 
*KEHHAA OObEMOM MIMTATebHO!M MKUAKOCTH, MpOxomAMlel uepes cocy1bl cepa B TeveHHe ONbITa. 
A — cepane myxuuupl 25 mer c TPaBMaTHNeCKUM NOBpexKLeHHeM KOCTeli Yepena ¥ yUIHSOM MO3- 
Pa;C MOMeHTa cMepTH Tpomwoll uac; 5 -— cepgue MyxuuHbI 56 eT, MorMOmwero Bo BpeMa 
oyepeqHOoro MpucTyna rpyAHOM *WaGbl; C MOMeCHTAa CMEDTH Mpoulto 22 yaca; B — cepaue *KeHUH- 
HbI 23 eT; TpaBMaTH4YecKad AMNYTAalMA OJIOBH; C MOMeHTa CMepTH Mmpommto 14 yac.; T — cepaue 
2KeHUHHbI 58 smeT c OOWIMpHbIM uHpapKTOM NepeqveH cTeHKH MeBoro *KelyoukKa cepAua. 
C MoMeHTa cMepTH mpowio 18 yac. 


JIOBaHHH ¢ APyrHMH JIeKapCTBeHHbIMH BeLeCCTBaMH, OTMeYeHa 3HaUHTeJIbHaA 
Kau¥eCTBCHHad HM KOJIMYCCTBEHHAA PpasHulla B PeaKILMH BCHEUHbIX COCYOB «TpaB- 
MaTHUeCCKHX» H «KOPOHApHbIX» Cepfey. Tak, B rpymme «TpaBMaTH4eCKHX» cep- 
Jel, ocaGsleHue TOHYCa BeHeYHbIX COCYIOB HaOmOLamocb B 24 cnyyanx u3 34, 
a B rpynne «KOpOHapHbIx» Cepfell TObKO B 15 cayyadx u3 31. Pacumpenue 
BeHeCYHbIX COCYOB B rpymnme «KOpOHapHbIXx» cepyell uacTo (B 9 cayyaax u3 15) 
HaYHHaIOCb C NepBOH CocyAOCyxKuUBaloMleH (pasbl, KOTOPaA B OTebHbIX OMbITaXx 
Oblla OUCH MpOMomKuUTeMbHOH (4—8 mMuH.) H CHAbHOH —Ha 30—44% Huxe 
MCXOWHOTO YPpOBHA. 

B rpynne «TpaBMaTwuecKkHx» cepyel AByxdasHad peakitua HaOmoamacb 
TOIbKO B 4 Cayyanx u3 24.CyxKeHHe BeHCYHBIX COCYAOB B «TpaBMaTHUCCKOH» 
rpymne Opto ormeyeno B 10 cilydaax u3 34 HM HaOMOaOCcb Ha Cepauax MoLeh, 
MNOPHOWUX OT YePeMHO-MO3rOBO TpPaBMBI HM TpaBMbl Apyro WNoKasMsallun, 
OCJIOKHEHHOM KOpOHapoaTepocKepo30m. B rpynne «kOpOHapHbIx» cepyel 
cykenve Ha6mofaocb B 16 cmyyanx u3 31 M YacTO MMeuIO MecTO Ha «HH(apun- 
POBaHHBIX» CepAlax CO CBeXKHMM OYAaPOBLIMH H3MeCHCHHAMM B MMOKapse (cM. 
mre! 2) Aub). 

SybuIMH “MpHMeHASICA B KOHIeHTpattuax or 1: 5-10% go 1 : 2-10°;c HuM 
mpoBeyeno 74 HaOmoenua (cm. Tab. 1). Tak xe Kak HM MpM UCCIeOBaHAN C HH- 
TPOrIMMepHHOM, PacuuMpeHHe BEHEYHBIX COCYNOB B pyle «KOPOHAPHBIXy CepAell 
Hepenko (B 12 cryuaax v3 28) HayMHamOCcb C NepBO CocyfocyauBatoulel (a3bl, B 
TO BPeMA Kak B Tpyrille <TpaBMaTH4eCKHX» Cepfell sTa (asa HaOMOaMach TOKO 
eB 5 cayyaax u3 23. [pu uccneqoBanun C 9yusMHOM CocyfocyxKuBalomlad (pasa 


oar 
ol 


Ta6nuua f 


Banauve HUTpOrIMepHHa H SYPHANMHa Ha KOPOHAapHble CocyAbl CepAMa YeJOBeKa 


UYucno cryiaeB 


ocma6eHHe TOHYCa KOPOH. 


Uncs0 cocyy. (pacuimpenue) ycuseHue 
Ha6ml07enuii Nore Pe cocva Wid 
omnodasnan Secaeuecee (cy2keHHe) 
peakuHa cbasoui 
HutTporauuepuu 
»TpapmMaTuyeckHe* cepa | 34 20 4 24 10 
,KopoHapuple* cepa 31 6 ¢ 15 16 
Beero 65 26 13 | 39 | 26 
Sy Pusu 

» | paBMaTuyeckHe* cepaua 33 | 18 sy 23 10 
»Kopouapubie* cepa 44 16 WP 28 13 
SCORE 74 | 34 | 17 | 54 | 23 


6bila MeHee TIpofomKuTeMbHOL (2Q—4 MHH.) HW MeHee CHJIbHO BbIpaxkeHHOH (20— 
28% uuMxKe ucxo_HOoro ypoBHa) (puc. 2, Bu J). 


mS/MUH 
40 


220 


20 ne KNED 149 


100 
120 

60 
Setar J 100 
0 {0 20 LG mun 


Puc. 2. JleicrBue HuTporsmHuepHua (A u 5) u sypusnuna (B u [) na byHKWMOHaTbHY!O NOABMXK- 
HOCTb BCHCYHBIX COCYAOB H3OMHPOBaHHOFO Cepia YeNOBeKAa, BbIPaKeHHY10 | oObeMOM MIMTa- 
TeJIbHOH XKMIKOCTH, MpoOxomAMeH uepes ceplue B TeyeHve onbiTa. BpeMaA JelicTBHA BellecTBa 
oTMeyeHO KpecTom. A — ceplile *KeHUHHbI 27 eT c TpaBMaTH¥YeCKHM NoBpexTeHHeM MST KX 
TKaHeH TOJOBbI, MHOXKECTBCHHEIM TepesJIOMOM peObep H MOsBOHOUHOrO cTONOa B rpyHOM oTMese; 
cC MOMeHTa cMepTH Tpomwio 30 uac. 10 Mun. Ocma6eHHe TOHYCa BEHEUHBIX COCyOB ae ae | 
OJHOBPeMEHHO C HavaJioM nepysuu pacTBopa HHTpormuuepHua; 6 — cepaue MyxKUHHbI 57 eT | 
CO CBEXKHM HHPapKTOM MepetHelt CTeEHKM eBoro *KeMyOuKa cepa; C MOMeHTa cMepTH Tpo-| 
wo 18 uac.; HHTPOrHUepHH BbI3bIBall MepBoHauaibHoe 8-MHHYTHOe MOBbIMeHHe TOHYCa eG 
HeUHBIX cocy 0B (mepBasd cocyqocyxHBalonlad (pasa) H OcmaOseHHe ero B Mocmexylome ne- 
puHotbl MpolyckaHHA Bemectsaa; B — ceplue MyKunHb! 28 eT C MHOMKECTBEHHDIM TlepeoMom 
pe6ep H NOBpexeHHeEM BHYTPeHHHX OpraHos; Noce cMepTH Mpowwo 19 uac. 10 mMuH.; sydbua- 
JIMH BbI3bIBal OLHOWAa3 HOe IOHMKEHHE TOHYCa BEHEUHBIX CocyzoB; J — cepazne My 2K UH BbI 53 ner. 
CO CBEXKHM HHPapKTOM B OONAacTH Mex xKeMYLOUKOBOH NeperopolKH; C MOMeHTa cMepTH MPOwl10 
18 uac.; MpomyckaHHe 9YPHINIHHA BbISbIBAIO HeaeKBAaTHYIO PeaKIHIO BEHEUHBIX COCYOB — M0-| 
BbIlueHHe ToHyca. K. nep.— KOHTPOJbHBIM NepvoR; oTpeskH KpMBoll MexAy cTpeiKaMu 4| 
IIpHMeHeHHe B yKa3aHHOH KOHMeHTpaluu HuTpormMnepuHa (H) u sycduanHHa (39) | 


HccneqopaHHaa HaMM HacTOoHkKa MrMTasiMca (akTHBHOCTb 4 ey/ma) B 
KOHMWeHTpamnax |: 2-108; 1: 10°, kak npaBMuio, BbISbIBaIa CyxKeHHe KOPOHap- 
HbIX COCyOB 4emOBeyecKOro cepa (B 18 cryyaax us 20). CocyzocyxuBaromee 
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| 


| 


AeHCTBUe ee OCOOEHHO MPOABIANOCh Ha CepAllax JNOMeH, crpayaBuux KOpoOHap- 
HOM HeMOCTaTOUHOCTHIO. 

K-crpocaHTHH MpHMeHAJICA HaM¥ B KOHWeHTpauuax or | : 8-10° 0 1 : 10°: 
B OTIMUHE OT JurMTaMCa, OH NpeMMylecTBeHHO (B 24 curyuaax us 45) pacum- 
pA BeneuHble cocyfbI. Ip KoponapHok HexocraTounocru JelicrBue crpoay- 
THHa (B 6 curyyanx us 24) HaunMHasOcb c nepBol cocyzocyxnBatomeli (pashli; 
MOQOOHOe ABeHHe HaOOJaOch TakxKe M Ha «TpaBMaTHYeCKHX» cepmax Cc 
ATePOCKJICpOTHYCCKMMH 3MCHCHHAMH UX COCYIOB. 

Ciyyan oTpulaTesbHOrO BJIMAHHA Ha BeHeUHOe KpOBOOOpalleHue uccreLye- 
MBIX HAMM BelLeCTB ObIJIM OTMCUCHEI B PALE KIMHMYECKUX MH 9KCIEPHMCHTAJIbHbIX 
HaOmonenui ((7, 7°, 4, 1) uw ap.). Ws semmensnoxeHHoro cmenyer, uTo 
PeakTHBHOCTb BeHEYHbIX COCyAOB cepflla uenoBeKa pw HegocraTounocTu 
BeCHCYHOrO KPOBOOOPaMeHHA, MO CpaBHEHHIO C PeaKTHBHOCTHIO CocyoB norn6- 
mero OT TpaBMbI, H3MeHeHa HM H3Bpaiena. IIpu crenHokapauu u undapKTe MuO- 
Kapa WpeoOslalaer cnacTHyecKoe COCTOAHHE BEHEYHBIX COCyOB cepama. Uacro 
Ha JeHCTBMe COCYLOPaclIMpAIOWNIUX BeUIeCTB (SYP, HATPOrMepuH) BeHeU- 
HbI€ COCYAbl pearupyloT WH HeaSKBAaTHOH COCyOCyKUBAaIOMeH  peaKnel, 
WIM [ByxdasHon, — npuyem mepBan casa cocyocyxuBalollan, BTOpaa — co- 
Cyfopacumpstoulad. OcoOeHHOCTh peakIMH CepJeuHbIX COCyOB MpH KOpOHap- 
HOM HeMOCTaTOUHOCTH Ha AMTHTAIMC MU CTPOcaHTHH 3aKJOUaeTCA B TOM, UTO 39TH 
BEIN€CTBA YaCTO BBISbIBAIOT CHJIbHbIM;cMa3M BeHeUHBIX cocyoB. OrmeyenHpie 
BbILIG H3MCHCHHA PCAKTHBHOCTH COCYAOB} Ceplla YeOBeKa MPH HapyIeHHN Be- 
HeYHOrO KpOBOOOpallieHHA HAGIO auch HAMU H VY COOaK C 9KCHEPHMECHTAJIbHbIM 
WHPapKTOM MHOKapja, NOJIYYCHHbIM MYTeM NepeBASKU TepeHelt HUCXOAAULel 
apTepHu cepa. 

B,nepsppie 5—10 qHel C MoMeHTa HHdaplupOBaHHA BeHeUHbIe COCYLI STHX 
cepylell, KaK NpaBHJio, Ha BCe MpHMeHAeMbIe HAMM BelleCTBa OTBeYaJIH COCy]O- 
CyKUBaIOWleH peakunel. OnbiTbl Ha COOaKax C SKCINeEPHMeCHTAJIbHbIM HHPapKTOM 
TOKa3bIBaloT, UTO Ha P€aKTHBHOCTb BEHEYHbIX COCYJOB CMOCOOEH BJIHATb HE TOJIb- 
KO aTepocKJIepo3, KaK 9TO MPH3HaHO OOJIbUIMHCTBOM aBTOPOB, HO H CaM 10 cede 
HEKPOTHYeCKHHM OUAr B MbINMLe Cepia, KOTOpbli, H3MCHAA HW H3Bpaulad peak- 
THBHOCTb MHTAKTHBIX COCYJIOB, MOBbIMaeT HX HAKJIOHHOCTb K Cla3My. 

Bpicokad PYHKUMOHAJIbHaA MOABUXKHOCTb BCHEYHBIX COCYOB B BUJLe ObICTPhIX, 
JJIMTCIbHBIX WH PHTMHYeCKHX H3Me€HCHHH CocyMCTOrO TOHYyCcCa, Hao MOJlaraTb, 
ABJIACTCA OJLHHM M3 MPHCMOCOOHTeIbHbIX MCXAHH3MOB pH aanTalvv MW KOMIICH- 
Calluu BeHeYHOrO KPOBOOOpalleHHA KaK B YCJIOBHAX HOPMBI, Tak MW IPH NaToO- 
THYeCKHUX COCTOAHHAX OpraHu3Ma. 


Hay4Ho-vccleqopatesibCKHH WHCTHTYT Tloctymus0 
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